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Group Backs Boost for Space Program 


43070007A Tokyo THE NIKKEI WEEKLY in English 
19 Sep 94 p 15 


[Article by Kazuki Yoshikawa] 


[FBIS Transcribed Text] Although it may seem as far- 
fetched as a “Star Trek” episode, an advisory committee 
to Japan’s Space Activities Commission said that in 30 
years, the moon will have an astronomical observatory, 
exploration vehicles, and an international base station 
where miuterials can be loaded on a space shuttle for 
transport back to earth. 


The ambitious plan, part of Japan’s new long-term vision 
for space development, sees a moon base as the first step 
in the active development of space. 


Japan has already set its sights on the moon—the Insti- 
tute of Space and Astronautical Science plans to launch 
a Lunar-A orbiting satellite using its new MS rocket in 
fiscal 1997. 


However, the new long-term vision calls for a focused 
effort on moon development, starting with the use of 
lunar rovers to explore the surface and gather samples in 
a step-by-step program stretching from the turn of the 
century to the early part of the 2010s. 


Space for the Average Joe 


Part of Japan’s contribution will be an experimental 
module known as the JEM, the first of a number of 
orbiting laboratories that can be used to conduct micro- 
gravity experiments and other research on request from 
neighboring Asia-Pacific nations. 


The JEM, which will offer “‘shirt-sleeve comfort,” will be 
the ideal vehicle for fulfilling another part of the commit- 
tee’s vision—to make space more accessible to the average 
person. The committee recommends that the space station 
be designed for people from a variety of fields, such as 
writers and artists, and not just professional astronauts. 


A network of 20 to 30 earth observation satellites will 
also be launched by 2010 to provide global monitoring of 
the earth’s environment, the committee said. 


A common theme throughout the new long-term vision 
is the importance of international cooperation in space 
development. Japan should originate proposals and play 
a leading role in the actual implementation of projects, 
as well as take responsibility for one-fourth of the 
satellites in its proposed earth monitoring network, 
according to the committee. 


Although cooperation in space activities is a global 
trend, there has been a general slowdown in space 
exploration due to shrinking budgets. Against this back- 
drop, the committee recommends that Japan propose 
international projects that stimulate global interest in 
development activities. 
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The committee said it was unrealistic to expect Japan to 
take the lead in space development activities. Accord- 
ingly, Japan should leave manned space missions to the 
U.S. space shuttle program, rather than developing 
domestic capability. 


In addition, development of a space plane, capable of 
taking off and landing like an aircraft at an ordinary 
airport, should be carried out as an international project. 
The long-term vision sets a date in the 2020s for its test 


flight. 


Cutting Costs 


There is one area, however, where Japan can work 
independently to make its mark: the development of a 
totally reusable space transport system. 


The system would combine an H-II class rocket and the 
unmanned space shuttle HOPE, now under development 
in Japan. The shuttle, launched on the rocket, could 
make a number of return trips into space, carrying 
materials to the space station and performing other 
tasks. The rocket, designed with wings, could itself 
return to earth and be used again. 


The concept of re-usability goes beyond launch vehicles. 
Also proposed is an orbiting work platform, equipped 
with robot arms, that could be used to snag sateilites for 
refueling and repairs. 


The long-term vision incorporates the concept of a new 
space infrastructure based on the principle of re-usability 
that promises to reduce space transportation costs by a 
factor of 10 by the end of the 2010s. 


The key to seeing the successful implementation of the 
vision is money. None of these plans and ideas will ever 
get past the science-fiction stage unless transportation 
and operating costs can be lowered enough to offset 
initial development costs. 


Boeing Appears Favored as YSX Jetliner 
Development Partner 


43070007B Tokyo THE NIKKEI WEEKLY in English 
12 Sep 94 p 2 


[Article by Nobuyuki Oishi: “Boeing Appears Favored as 
Jet Development Partner; European Consortium Takes 
Back Seat Because of U.S. Firm’s Marketing Clout’’] 


[FBIS Transcribed Text] The Japanese government is 
favoring a partnership with Boeing Co. of the U.S. over 
a potential alliance with European firms for construction 
of a highly anticipated regional passenger jet. 


After a five-year study, the Ministry of International 
Trade and Industry announced it hopes to sponsor a 
consortium of Japanese firms to build a 90-seat pas- 
senger plane, the YSX, in conjunction with the world’s 
largest commercial plane maker. 
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No final pact has been initialed, though, and Japanese 
officials have some concerns that Boeing might turn its 
back on the joint development proposal. 


The decision to favor Boeing was a snub to a 75-seat 
craft that would have been built in conjunction with a 
group of European firms. 


The YSX will be Japan’s first home-grown commercial 
aircraft since the YS-11, a twin-propeller airliner that 
went out of production 22 years ago. The first YSX plane 
is expected to fly in 2000. 


While the 75-seat option had “long-term” potential, 
MITI’s Toshifumi Hirai, director of the Aircraft and 
Ordnance Division, said the larger craft has “better 
short-term prospects.” 


Moreover, Hirai said, ““We could not reach agreement 
with European partners on the development processes.” 


Dating But Not Married 


Four major Japanese airplane and aircraft parts manu- 
facturers—Mitsubishi Heavy Industries, Ishikawajima- 
Harima Heavy Industries Co., Fuji Heavy Industries and 
Kawasaki Heavy Industries are expected to join the 
project. 


By forming an international consortium, Japanese offi- 
cials hope to overcome the lack of marketing expertise 
that doomed the YS-11. 


Japanese officials were not only drawn to Boeing because 
of its proven marketing expertise, but also because 


JPRS-JST-94-036 
26 October 1994 


Japanese airplane manufactures have had experience 
developing the 777 aircraft with Boeing. 


MITI expects to continue studying plans for the new 
YSX with Boeing until the next spring, with develop- 
ment likely to begin in 1996. 


The ministry plans to spend ¥ 2.7 billion ($27 million) 
for feasibility studies of the YSX’s body and engine in 
the fiscal year starting April 1995, up from ¥ 1.2 billion 
this fiscal year. 


Even though MITI has been carrying out the feasibility 
study with Boeing, it does not mean that there definitely 
will be a joint development project with the U.S. firm, 
Hirai said. 


“We continue to date, but we haven’t decided to marry,” 
he said. 


Hirai did not disguise his hope for a partnership with 
Boeing, however. ‘““We expect to use—and I mean that in 
a good way—technologies and marketing capabilities 
held by Boeing,” he allowed. 


There are some concerns, however, that Boeing doesn’t 
share the enthusiasm. Industrial sources said Boeing has 
not been interested in small airplanes recently. It already 
has a 108-seat plane, the 737-500. It is also very busy 
developing the 350-seat 777, which is expected to be 
shipped in 1995. 


Officials from Japanese government and industry will 
try to convince Boeing that the risk in a YSX project is 
relatively small because Japan will provide most of the 
financing. 
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MHI Develops Stratified Fuel-Water Injection 
System for Low-NO, Diesel Combustion 


430700044 Tokyo MITSUBISHI HEAVY INDUSTRIES 
TECHNICAL REVIEW in English 1 Jun 94 pp 66-70 


[Article by Yozo Tosa and Yoshinori Nagae of the 
Nagasaki Research & Development Center, Technical 
Headquarters, Tuneo Harada of the Sagamihara 
Machinery Works, Keijiro Tayama of the MHI Diesel 
Service Co., Ltd., and Mataji Tateishi of the Kumamoto 
Institute of Technology (the former member of Nagasaki 
R&D Center)] 


[FBIS Transcribed Text] Aiming at a reduction in the 
NO, emitted by diesel engines, the development of a 
stratified fuel-water injection (SFWI) system is now 
under way at Mitsubishi Heavy Industries, Ltd. (MHI) 
with a new water addition system which replaces the 
previous emulsified fuel oil water addition system. In 
this system, fuel and water are injected in a stratified 
condition by feeding water into the fuel injection valves 
during the period when fuel injection does not take 
place. Since ignitability is ensured by injecting the fuel 
oil first, a large quantity of water can be added and, 
therefore, a considerable reduction in the NO, emissions 
can be expected. Fundamental combustion tests of the 
SFWI system have been conducted on two single- 
cylinder test engines, one typifying high-speed four-cycle 
engine and the other low-speed two-cycle diesel engine. 
As a result, the combustion characteristics of this system 
have been clarified and its considerable reduction in the 
emission of NO, without worsening fuel consumption 
has been confirmed. 


1. Introduction 


Diesel engines have a wide output range from some tens of 
kWs to some tens of MWs and are continuously being 
developed for various fields of application such as vehicles, 
general industry, cogeneration plants, stationary generating 
plants and marine propulsion plants while exhibiting their 
high thermal efficiency as their best feature. 


On the other hand, due to the environmental problems in 
recent vears. lowering their high exhausi gas NO, values, 
which is one demerit of diesel engines, has become the 
primary subject of continued development toward the 21st 
century. That is, diesel engines must comply with strength- 
ening regulations of NO, emission required of prime 
movers in all fields from land use to marine use. 


Various kinds of methods of reducing diesel engine NO, 
have been adopted such as retarding the fuel injection 
timing, lowering the intake air temperature and others 
aiming at lowering the flame temperature which is effective 
in suppressing the formation of NO, in engine bodies. 


Among these methods of reducing diesel engine NO,, 
combustion with additional water is considered to be 
one effective method, since it suppresses the NO, for- 
mation primarily by cooling the flame. The use of 
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emulsified fuel oil, the injection of water into the cylin- 
ders and other methods have been tested or partially 
been in use until now. However, all of these usual water 
addition methods have problems in the maintainability 
of the systems and the reliability of the engines and, 
therefore, they have not been widely used so far. 


As a new type of water additive combustion method 
which will take the place of the previous method using 
emulsified fuel oil, this research has tried to inject fuel in 
an unhomogeneous condition, by injecting fuel and 
water in a stratified condition from one fuel valve. That 
is, water is fed into the fuel passage of the fuel valve 
during the period when fuel is not being injected. This 
method has merits such as that a large quantity of water 
can be added since ignitability is ensured by the fuel oil 
being injected first and water addition can easily and 
immediately be turned on and off by operating a water 
feeding valve when starting or stopping the engine. 


For this new stratified fuel-water injection (SFWI) 
system, fundamental combustion tests have been con- 
ducted on two sets of single-cylinder test engines so as to 
clarify its injection and combustion characteristics and 
effectiveness in NO, reduction. This paper will explain 
these test results. 


2. Stratified Fuel-Water Injection Combustion 


Using unhomogeneous fuel spray, of which the physical 
properties are controlled, the authors have examined its 
influence on diesel spray combustion characteristics by 
injecting fuel and water in a stratified condition as 
follows. 


2.1 Effects of water addition on diesel spray combustion 


The effects of water addition on diesel spray combustion 
include a thermal effect due to the large latent heat of 
evaporation and the specific heat of water and a chem- 
ical effect due to water gas reaction with free carbon. It is 
believed that the lowering of the combustion tempera- 
ture by these effects in the region of combustion in 
particular contributes toward the suppression of the 
formation of NO,. 


On the other hand, in the case where tuei and water are 
injected from the same fuel injection valve at the same 
time, as in emulsified fuel, the momentum of the spray 
increases due to the increase in the injected mass and the 
speed of the air-fuel mixture formation, which controls 
diesel combustion speed, can be increased. 


But, water in fuels like emulsified fuel deteriorates the 
auto-ignition characteristics, so that, increasing the water 
fuel ratio causes a large ignition delay and knocking. 


2.2 Aim of stratified fuel-water injection combustion 


The direct aim of the SFWI system is to add a large 
quantity of water to the fuel spray after having ensured 
ignitability by injecting completely pure fuel oi! at the 
beginning of injection. 
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But. water injected in a stratified condition cannot 
acuicve the purpose of lowering the flame temperature 
that occurs by introducing water into the region of 
combustion if the water continues to be stratified in the 
spray. Though the mechanism of turbulent diffusion in 
unstable sprays of diesel engi \es is not yet clarified, it is 
believed that an unhomogeneous spray becomes homo- 
geneous by the work of macroscopic and microscopic 
mixing and diffusing forces. That is, stratified water is 
injected into the region of flame as sprayed droplets 
while being dispersed into the fuel spray injected both 
before and after it. Both the temporal and the spatial 
scales of diesel spray turbulence are considerably dif- 
ferent among various diesel engines from small-sized 
high-speed types to large-sized low-speed types. For 
low-speed diesel engines in particular, the ability to 
diffuse injected stratified water is considered low both 
temporally and spatially. To enhance this ability, the 
authors have tried injecting stratified water in multiple 
layers to assist its macroscopic dispersion for large sized 
low-spei:d two-stroke diese! engines. 


3. Fundamental Combustion Tests on Single-Cylinder 
Engines 


Combustion tests on single-cylinder test engines have 
been conducted aiming at clarifying the potential of the 
new stratified fuel-water injection system. These tests 
have been conducted for both high-speed four-stroke and 
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low-speed two-stroke diesel engines to clarify the effec- 
tiveness of this system for various kinds of diesel engines 
and the differences in their characteristics. 


3.1 High-speed four-stroke diesel engines 
3.1.1 Test equipment 


The SFWI system which injects fuel and water from one 
fuel valve in a stratified condition has been made for 
tests on high-speed diesel engines. Figure | shows its 
composition. This system can inject fuel and water 
arranging them in a stratified condition by feeding water 
into the fuel passage of the fuel injection valve during the 
period when fuel injection does not take place by con- 
trolling the solenoid valve according to this timing. 
Figure 2 shows the operation of this system. The feeding 
pressure of the water has been set to 10 MPa. Figure 3 
shows three kinds of fuel injection valves which change 
the arrangement of the stratified fuel and water by 
changing the feeding positions of the water. In the first 
case, A, water is injected first. In B, fluid is injected in 
the order of 40 percent of the fuel first, water next, and 
the remaining fuel last. In C, about 70 percent of the fuel 
is injected first. 


Table | shows the principal particulars of the four-stroke 
direct injection type single-cylinder test engine and the 
test conditions. The brake mean effective pressure of the 
engine is about 1.2 MPa and the fuel oil used is gas oil. 
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Figure 1. Stratified Fuel-Water Injection System. Water is fed into the fuel passage of the fuel injection valve during 
the period when fuel injection does not take place by controlling the solenoid valve according to this timing. 
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Figure 2. Operation of the Stratified Fuel-Water Injection 
System. The operation of feeding the water can be seen 
from the pressure rise of the water feeding passage during 
the period when fuel injection does not take place. 








Table 1. High Speed 4-Cycle Test Engine Specification 

















Engine 

Type 4-cycle single cylinder 
Bore x stroke @ 160 x 180mm 
Stroke volume 3,620 cm} 
Compression ratio 14.8 





Test Condition 


























Engine speed 255°! 

Fuei injection quantity 350mm?/st 

Charge air condition 210 kPa 

Press. 313K 

Temp. 

Fuel injection system 

Type Plunger Dia. Cam velocity | Injection nozzle 
Std. @ 16mm 2.0 m/s 9 0.37mm x 8 
High press. @ 17mm 2.3 m/s @ 0.4imm x 8 











21,2 Test results 


Figure 4 shows the test results for various feeding positions of 
water and the specifications of the injection system at various 
water-fuel ratios (volume ratio) W/F. It can be seen from this 
figure that the NO, emission decreases almost linearly as W/F 
increases, and that the brake specific fuel consumption 
(BSFC) and smoke density decrease in the W/F range from 0 
(zero) to 40 percent. 


Figure 5 compares cylinder pressures and heat release rates 
for various feeding positions of water at W/F = 28.5 percent 
and 0 percent. In A, the ignition delay is large and rapid 
premixed combustion occurs. In every case, an increase in the 
heat release rate can be seen and the combustion duration is 
shortened irrespective of the increase in the injection dura- 
tion compared with W/F = 0 percent. It can be seen from 
these results that the distribution of B is superior because it 
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Figure 3. Comparison of Injection Valves With 
Different Feeding Positions. The arrangement of the 
stratified fuel and water is changed by changing the 

feeding positions of the water. 





has enough fuel injected first to ensure ignitability and greatly 
promotes diffusion combustion compared with A and C. 


Figure 6 shows changes in the BSFC and smoke density 
against NO,. It can be seen that, in the case of W/F = 0 
percent shown with black marks, reduction in the NO, by 
retarding the injection timing entails considerable deteriora - 
tion in the BSFC and smoke density. It can also be seen that 
the SFWI system can considerably reduce the NO, and smoke 
density without worsening the BSFC and can realize a NO, 
emission of less than 100 ppm. 


3.2 Low-speed two-stroke diesel engines 
3.2.1 Test equipment 


Figure 7 shows the stratified fuel-water injection system for 
low-speed two-stroke diesel engines. Though its basic working 
mechanism is the same as that of high-speed four-stroke 
diesel engines, this system has a fuel feeding system that is the 
same as the water feeding system and can obtain stratified 
fuel water composition with multiple layers by feeding water 
and fuel alternatively. The feeding position of the water has 
been set so that about 18 percent of the fuel to be injected at 
full load is injected prior to the injection of water. The 
feeding pressures of the water and fuel are kept at 12 MPa. 


Table 2 shows the principal particulars of the large-sized 
low-speed two-stroke single-cylinder engine which has been 
used for these tests. It has a cylinder bore of 450mm and a 
uniflow scavenging system. 





Table 2. Low Speed 2-Cycle Test Engine Specification 

















Type 2-cycle single cylinder 
Bore x stroke @ 450 x 1,400mm 
Rated power 938 kW 

Rated speed 2.63 s"! 

BMEP 1.56 MPa 





Fuel injection system Electroni :ally controlled 





Exhaust valve operating system Accumulation type 





Compression ratio 12.8 








Swirl angle (mean value) 0.28 rad 
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Figure 4. High Speed 4-Cycle Single Cylinder Engine Test Results Using the SF WI System. NO, emission 
decreases almost linearly as the water fuel ratio W/F increases, and the brake specific fuel consumption and smoke 
density are also improved. 
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Figure 5. Comparison of Combustion Characteristics With Different Feeding Positions. An increase in the heat 
release rate can be seen and the combustion duration is shortened irrespective of the increase in the injection dura- 
tion compared with W/F = 0 percent. The distribution of B is superior to that of A and C. 
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Figure 6. NO,-BSFC Trade-Offs With the SFWI 
System. The SFWI system can considerably reduce the 
NO, and smoke density without worsening the BSFC 
and can realize a NO, emission of less than 100 ppm. 





The fuel oil used is diesel oil and the additive water is 
city water. 


3.2.2 Test results 


Figure 8 compares the test results of the cylinder pres- 
sures and heat release rates between single- and multi- 
layer SFWI. The injection timing of the water is shown 
within the fuel injection pressure curve as the hatched 
region. This timing has been estimated based upon the 
geometrical feeding position of the water and the quan- 
tity of feed water. In the case where water is added as a 
single-layer (a), the heat release stagnates in the period 
almost corresponding to that when water is being 
injected. Compared to when there is no water addition, 
it can be seen that the peak value of the heat release rate 
decreases and further combustion is also delayed corre- 
sponding to an increase in the injection duration. 
Whereas, when water is added in multiple-layers (b), 
where the feed water has been divided into two layers 
and the fuel is sandwiched in between, the heat release 
rate increases right away, through the injection of the 
fuel in the intermediate period, and the stagnation of the 
heat release rate does not take place when water is 
injected again. 


Figure 9 shows the test results with W/F, the ratio of the 
volume of added water to the total volume of supplied 
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Figure 7. Stratified Fuel-Water Injection System for 
Low Speed Diesel. This system has a fuel feeding 
system that is the same as the water feeding system and 
can obtain stratified fuel water composition with mul- 
tiple layers by feeding water and fuel alternatively. 





fuel, on the abscissa. White marks in the figure are for 
the case where the fuel injection timing (IT) was fixed. 
Round marks and triangular marks are for single-layered 
and multi-layered conditions respectively. Though the 
NO, decreases almost linearly as the W/F increases, ihe 
decrease in the NO, entails an increase in the BSFC at 
the same time. It can also be seen from this figure that 
the maximum pressure in the cylinder, P,,,,,, lowers as 
the W/F increases, even though the fuel injection timing 
is kept constant. On the other hand, for multiple layers, 
it can be seen that both the increase of the P,,,,, and the 
decrease of the BSFC are suppressed, and that NO, 
hardly increases in comparison with the case of the 
single-layered injection. 


Black marks in Figure 9 show the change in the NO, and 
BSFC when P,,,,, is fixed, which are derived from the 
test results of various injection timings. It can be seen 
from this figure that a NO, reduction rate of 50 percent 
can be obtained with a BSFC deterioration of only 1.5 
percent under the fixed P,,,,, condition due to fuel-water 
injection in multiple-layers. 


Figure 9 also contrasts the test results of SFWI combustion 
on the low-speed test engine with those on the high-speed 
test engine mentioned before. In the case where the IT is 
kept constant (white markers), there is no big difference in 
the reduction rate of the NO, for both engines. However, 
in the case of the low-speed test engine, the effectiveness of 
water addition on NO, reduction is lower than that in the 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











JPRS-JST-94-036 


































j ie 
-05 0 05 10-05 0 95 10 £15 


Crank angle (rad) ATDC 


Figure 8. Comparison of the Combustion Characteristics Between Single and Multi-Layered SF WI. In the case of 
the low-speed diesel, the heat release stagnates in the period almost corresponding to that when water is being 
injected. Multi-layered SF WI can reduce this stagnation. 
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Figure 9. Evaluation of SFWI on the Low Speed Diesel. Though the BSFC increases as the ’/F increases in the 
case of the low-speed diesel, it can be seen that a NO, reduction rate of 50 percent can be obtained with a BSFC 
deterioration of only 1.5 percent, due to the multi-layer SFWI system. 





case of the high-speed test engine when considering the 
including of the changes in the cycle temperature and the 
pressure conditions such as the lowering of the P,,,,. This 
is considered to be due to the lower dispersibility of the 
water into the flame region in the spray. In the case of the 
low-speed test engine which has already achieved better 
combustion characteristics, deterioration of the BSFC 
occurs and the effect of improving the combustion by 
nieans of an increase in the momentum of the spray is not 
obtained, though the combustion speed increases and the 
BSFC decreases in the case of the high-speed test engine. 


4. Conclusion 


Aiming at reducing the NO, of various kinds of diesel 
engines from high-speed types to low-speed types, fun- 
damental combustion tests of the new stratified fuel 
water injection system have been conducted on single- 
cylinder engines. 


As a result, it has been proven that this system is 
effective in reducing the NO, of various kinds of diesel 
engines from high-speed types to low-speed types. It has 
also been proven that a reduction in the BSFC and an 
improvement in the smoke density can be achieved 
together with a considerable reduction in NO, for high- 
speed diesel engines and that the stratification of multi- 
layered water injection is effective in reducing NO, for 
low-speed diesel engines. 


Development tests to verify the reliability and durability 
of the system and the engine itself are already completed 
and the SFWI system is now in practical use for medium- 
speed four-stroke diesel engines. We arc now making 
efforts to enable this system to be applied also to 
high-speed and low-speed diesel engines. 
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Japan Organo Co. Achieves Trichloroethylene 
Decomposition System Using Catalytic Combustion 


94FE0867A Tokyo NIKKEI SANG YO SHIMBUN 
in Japanese 14 Aug 94 p I 


{FBIS Translated Text] Japan Organo Company has 
developed a catalytic combustion type soil cleanup 
system that uses a metallic oxide catalyst that will 
heighten processing efficiency and keep running costs 
down. The system breaks down trichloroethylene, an 
organochlorine compound that is widely used as a sol- 
vent and detergent even though it is suspected of being 
carcinogenic, and removes harm to the soil. The system 
recovers highly concentrated (up to 2,500 parts per 
million (PPM)) trichloroethylene from the ground, gas- 
ifies it, then breaks it down in about 3 seconds. Waste 
transporting is unnecessary because direct cleanup at the 
pollution site is possible, and this reduces the danger of 
secondary pollution. 


The commercial name of the system developed by 
Organo is “Cata-Ace.”’ It consists of a vacuum pump unit 
and a unit with exhaust gas treatment equipment. First, 
pipes with slits cut into them are immersed into the 
ground which has been polluted by trichloroethylene, 
and then gas is sucked out by the vacuum pump. At this 
point, gas and water are separated and only the gas is 
forwarded to the exhaust gas treatment equipment. 
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Next, the gas is heated to 350°C by an electric heater in 
the exhaust gas treatment unit, and the trichloroethylene 
is broken down by catalytic reaction equipment. After 
exhaust heat is recovered by a heat exchanger, the 
decomposed gas is rendered harmless and released into 
the atmosphere. 


The method usually used to clean up highly concentrated 
pollution is adsorption of the trichloroethylene by acti- 
vated carbon. This method involves the cost of reacti- 
vating the activated carbon, and adsorption takes about 
20 seconds. Organo’s method uses a silica-based com- 
plex compound as a catalyst, and it decomposes 99.9 
percent of the trichloroethylene in about three seconds. 


With existing methods that use direct combustion of 
trichloroethylene, reaction occurs at 800-1000°C, 
whereas the catalytic combustion method decomposes 
the trichloroethylene at 350°C and moreover recovers 
exhaust heat, thereby keeping running cost down. 


The price of a system with the capacity to process | cubic 
meter per minute is around ¥ 30 million. In one year, 
this system can clean up about 2,500 square meters of 
ground. Organo will capitalize on its development by 
selling the system to regional governments and private 
firms. It will rent out the equipment as well as provide 
soil cleanup services. 
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Unitika Develops Technology To Remove 90 Percent 
of Wastewater Phosphorus 


94FE0867B Tokyo NIHON KOGYO SHIMBUN 
in Japanese 12 Aug 94 p 1 


[FBIS Translated Text] Unitika has developed a process 
called “‘phos-nix”’ that recovers phosphorous in the form 
of ammonium magnesium phosphate granules from 
sewage, human waste and wastewater. The granules can 
be used for fertilizer, and phosphorous removal rate is 
over 90 percent. Equipment using this process will be 
sold soon for treatment of human waste and plant 
wastewater. Unitika currently is conducting joint 
research on sewage treatment with the Japan Sewer 
Public Corporation and plans to sell a treatment system 
in two or three years. Unitika’s process removes highly 
concentrated phosphorous and nitrogen from waste- 
water that is left after anaerobic digestion treatment of 
sewage pollutants and human waste. 


The process involves agitating the wastewater while 
adding a magnesium solution and PH (degree of acidity/ 
alkalinity) conditioner. Phosphorous and ammonium in 
the wastewater react with the magnesium and forms 
ammonium magnesium phosphate crystalline granules. 


The granules are about 0.5 millimeters in diameter, and 
are composed of phosphates, ammonium, magnesium 
and other sources of nutrients for plants. Thus they can 
be used as a slow-acting ammonium magnesium 
phosphate-based fertilizer. 


This method is said to remove over 90 percent of 
phosphate type of phosphorous from wastewater. More- 
over, by using magnesium, an inexpensive chemical 
substance, running cost is reduced below the coagulation 
and sedimentation method, which uses polychlorinated 
aluminum. It also has the merit of not creating 
coagulated sludge. 


The standard volume of wastewater treated by this 
method is 500 cubic meters per day. Unitika plans to sell 
two or three units in the first year. 


NEDO, RITE To Hold Second International 
Symposium for CO, Technology 


94FE0867C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 3 Aug 94 p 5 


[FBIS Translated Text] The Research Institute of Inno- 
vative Technologies for the Earth (RITE) and the New 
Energy and Industrial Technology Development Organi- 
zation (NEDO) will convene the “Second International 
Symposium on CO,” in the Kansai Cultural and Scien- 
tific Research City on 24-27 October (four days). This is 
the first time that Japan is hosting the symposium, 
whose aim is to develop ways to recover and effectively 
use carbon dioxide (CO,), the cause of global warming. It 
will be the first full-scale international conference held in 
the Kansai Cultural and Scientific Research City, which 
will open in September. 
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Participating in the symposium are 21 countries, 
including the United States, Norway, China and Japan. 
About 400 people are ex; ected to attend. After a plenary 
session on 25 October, tie participants will form six 
subcommittees, such as “CO, separation and recovery 
technologies” and “CO, reduction technulogies,” where 
in-depth deliberations will be held. About 150 research 
publications are expected to result. 


The first symposium was held in Amsterdam in March 
1992. RITE and NEDO decided to hold the meeting to 
coincide with the opening of the Kansai Cultural and 
Scientific Research City. 


Asahi Chemical Industry Co. Develops Treatment 
System for Detergents 


94*E0867D Tokyo NIKKAN KONGYO SHIMBUN 
in Japanese 3 Aug 94 p 15 


[FBIS Translated Text] The Asahi Chemical Industry 
Company has developed and begun selling equipment that 
fully recycles detergents, and has treated water by using 
super-fine filtration films developed by Asahi Chemical 
and Toray Industries to remove oil and fat content, sus- 
pended substances, and detergent ingredients from the 
rinse water of water-base detergent systems, which are 
alternatives to trichloroethane. This will open the way to 
solving the problem of treatment of large volumes of 
wastewater. Initial equipment investment will be high, but 
running cost will be very low because wastewater systems 
will become unnecessary. Substantial demand for the 
system, which eliminates this weakness of water-base 
detergents, can be expected. 


Water-base detergents are the primary alternative to 
trichloroethane, but are costly because of the need for 
wastewater treatment systems. This accounts for the 
recent growing trend for increasing market domination 
by hydrocarbon-base detergents. The cleaning system 
developed by Asahi Chemical uses a super-fine filtration 
film to separate the oil and detergents from the waste- 
water created during the rinsing process. Thus the 
treated water is recycled and reused. 


An ultra-superfine filtration film developed by Asahi 
Chemical removes oils and suspends substances from the 
rinsing process wastewater. The oil is extracted by an 
oil-water separator. Surface-active agents and alkaline 
ingredients in detergents still remaining in the treated 
wastewater are removed by a reverse osmosis film devel- 
oped by Toray. This two-stage wastewater treatment 
process recycles the detergent back into the cleaning 
process and returns the treated water to the rinsing 
process. To increase the purity of the treated water after 
passage through the reverse osmosis film, an adhesion 
treatment by activated charcoal and ion exchange resin 
is used before the water is returned to the rinsing process. 


Rinse water treatment equipment with 100 liter per hour 
capacity is priced at ¥ 20 million, and 500-liter capacity 
equipment is ¥ 50-60 million. The films are changed 
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every two years. Because water disposal is unnecessary, 
running cost is ¥ 1.35 million per year for the 100-liter 
capacity equipment. This is ¥ 10 million cheaper than 
the cost of disposal of industrial wastewater. 


Tokyo Seat Co. Develops Freon-Free Manufacturing 
Technology for Steering Wheels 


94FE0867E Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 3 Aug 94 p 13 


[FBIS Translated Text] Tokyo Seat Company has devel- 
oped and begun using in mass production a urethane 
steering wheel production technique that uses water as a 
foaming agent, so that chlorofluorocarbon (CFC; freon) 
is not used at all. All of the steering wheels manufactured 
for Suzuki Motor Corporation and Fuji Heavy Indus- 
tries are being made with this technique, and by October, 
the manufacturing of steering wheels for Honda Motor 
Company will also be switched to this technique. In 
connection with restraints on the use of CFC, specified 
CFCs will be completely eliminated by the end of 1995, 
and a ban on the use of provisional CFCs for products 
slated for the United States will go into effect in 1996. It 
appears that water foaming will be used as a mass- 
production technique for other urcthane products as 
well. 


Carbonic acid gas is formed in the reaction of isocyanate, 
a substance in the composition of water and urethane. 
This technique uses the carbonic acid gas as a urethane 
foaming agent. However, carbonic acid gas is technically 
difficult to control and also has formation and produc- 
tion problems such as foaming of the surface layer. That 
is why the gas was not suitable for making steering 
wheels, which must have a solid surface layer. 


The new technique depends greatly on the use of a 
heat-sensitive catalyst to deal with these problems. To 
create a solid surface layer, the difference in chemical 
reactivity of the surface and mid-layer is used to create 
different densities, and the heat-sensitive catalyst facili- 
tates the use of the difference in temperature between the 
mid-layer and the surface layer, which comes into con- 
tact with a metal mold. Also, a physical difference in 
density is created by adding an auxiliary that prevents 
foaming. This stops foaming and stabilization in the 
initial stage of the reaction. The mass production tech- 
nique of water foaming was established by the following 
optimization methods: (1) use of a substance with a high 
carbon isotope number instead of polyol as a raw mate- 
rial for the urethane; (2) use of an isocyanate with high 
molecular volume for one of the three isocyanates used; 
and (3) change in the combination ratio. 


Steering wheels are formed by foaming in a metal mold, 
and until now, CFC, which is a solvent with a low boiling 
point, was used. In this method, the CFC was vaporized by 
heat created during a chemical reaction of a liquid mixture 
containing urethane. The surface layer was cooled by the 
metal mold so that a solid surface was created easily. 
However, specified CFC will be abolished completely at 
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the end of 1995, and a ban on the use of provisional CFC 
also has been set for 2020. Therefore, a demand has arisen 
for production methods that do not use CFCs. 


Tokyo College of Pharmacy Develops “:mplified 
System to Analyze Environments! Po,iutants 


94FE0867F Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 21 Jul 94 p 5 


([FBIS Translated Text] A research group in the Tokyo 
College of Pharmacy has developed a new technique to 
easily measure and analyze environmental pollutants 
that exist in trace amounts in the air and water. The 
technique concentrates the pollutants by the use of 
polymeric material that is capable, above a certain 
temperature, of collecting and extracting pollutants 
which normally are in aqueous solution. It concentrates 
the pollutants by 300 times with one test tube. Com- 
pared to the existing method of using organic solvents as 
a concentrating agent, this technique is simpler and 
bears little risk of environmental pollution, and probably 
will demonstrate its power in the analysis of extremely 
minute amounts of pollutants. 


The developer of the new technique is a Tokyo College of 
Pharmacy group led by Chiyo Matsubara, an instructor 
in the Life Sciences Department, and Kiyoko Takamura, 
an instructor in the Department of Pharmacy. 


The polymeric material used in the pollutant measure- 
ment and analysis technique is polyvinyl methyl ether 
(PVME). Below 32°C, this type of heat-sensitive polymer 
is in aqueous solution, but above that temperature, it 
dehydrates, veparates and adheres to the inner wall of a 
test tube. In tints state, the polymeric material gathers up 
hydrophobic substances, such as pollutants. In other 
words, the extracted polymeric material serves to 
concentrate hydrophobic substances. 


Matsubara’s group used this unique feature of this 
polymeric material to concentrate and measure the con- 
centration of pollutants. The water to be measured can 
be concentrated in a few minutes simply by putting it 
into a test tube with the PVME aqueous solution and 
heating it. Then the concentrated substance is analyzed 
with a measuring device. Aeration by pump is used for 
pollutants in the atmosphere. 


In experiments, the group used automobile exhaust, 
Cigarette smoke, river water, mineral water, etc., and 
measured the concentratior of polycyclic aromatic 
hydrocarbons, which are known carcinogenic sub- 
stances, and the surface-active agents dodecylic benze- 
nesulfonic acid and phosphoric acid. Ionic pollutants 
could be measured by adding the respective ion pair and 
making them hydrophobic. Pollutant concentration was 
at the parts per billion (PPB) level, but it was found that 
this could be concentrated to levels that were fully 
measurable: 200 to 300 times for substances in solution 
and 300,000 to 3 million times for substances in the 
atmosphere. 
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Pollutants are difficult to detect in their natural state of 
trace amounts in the environment, and that is why some 
way to concentrate the pollutants is necessary. Thus far, 
large amounts of organic solvents have been used for this 
purpose, but organic solvents carry the risk of causing 
environmental destruction and involve complex opera- 
tions such as heating and decompression. That is why 
improved methods were sought. 


Sony’s New Natural Oil Polystyrene Recycling 
Technology 


94FE0867G Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 14 Jul 94 p 5 


[FBIS Translated Text] Sony Corporation has developed 
a simple technique for recycling styrol foam (polystyrene 
resin). The polystyrene is dissolved in d-limonene, a 
natural substance in citrus fruits, for recovery and reuse. 
This reduces bulky polystyrene to less than one- 
twentieth of its volume and it also has been confirmed 
that, once separated from the limonene, the polystyrene 
returns to the raw material resin state without any 
degradation. This precluded the need to use harmful 
organic solvents, and Sony is studying the formation of a 
full-scale recovery and reuse system. 


D-limonene is a natural vegetable oil that makes up 
about 0.5 percent of the skin of oranges, and is used as a 
food additive. A group at the Environmental Research 
Center of Sony’s Central Research Institute, after discov- 
ering that limonene quickly dissolves polystyrene, began 
to study this as a recycling technique. 


Polystyrene can be reduced to one-twentieth of its 
volume by dissolving it in limonene. One kerosene can of 
limonene can dissolve polystyrene for packaging 40 
televisions in the model 20 class. Furthermore, limonene 
does not dissolve polyethylene or polypropylene, so the 
polystyrene can be extracted from the solution and 
reused. It also has a high flash point and is easy to 
transport. 


When the solution was heated to 200°C, the limonene 
evaporated and the remaining polystyrene had virtually 
the same molecular weight as before dissolving in the 
limonene. It is said that the limonene acts as a kind of 
antioxidant and prevents degradation of polystyrene 
molecules. Moreover, a polystyrene film was created 
from the solution. After vacuum drying, its strength was 
measured, and it was confirmed that its capabilities were 
equal to a normal polystyrene film. 


Although a number of polystyrene recycling techniques 
have been developed, methods that reduce volume and 
recover the polystyrene by hot air fusion require energy. 
Also, addition of new raw material at the reuse stage was 
often required because of oxidation of the polystyrene 
during the recovery process. It is said that Sony’s new 
technique resolves virtually all existing difficulties and 
that reuse can be expected to heighten resource 
productivity. 
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Kansai Electric Power Co. To Test Hydrogen 
Generation Using Photosynthetic Bacteria 


94FE0867H Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 12 Jul 94 p 6 


[FBIS Translated Text] At the end of the month, Kansai 
Electric Power Company will install equipment that uses 
photosynthetic bacteria to break down organic matter 
and generate hydrogen. It will use this equipment to start 
experimenting with hydrogen generation by microscopic 
algae. This is one of the technological development 
promotion projects of the Research Institute of Innova- 
tive Technologies for the Earth (RITE; in the Kansai 
Scientific Research City, Soraku-gun, Kyoto), and is a 
co-research project with Mitsubishi Heavy Industries 
and Osaka University. The goal is to establish a system 
for getting algae and other photosynthetic microorgan- 
isms to use solar energy to fix carbon dioxide (CO,) and 
convert it to the green energy, hydrogen. It is hoped that 
this will be an effective technology to fight global 
warming. 


This hydrogen generating system is made up of three 
stages: cultivation of green algae using CO, discharged 
by thermoelectric power plants; production of organic 
matter through fermentation; and generation of 
hydrogen by using photosynthetic bacteria to break 
down organic matter. 


The equipment will be installed in the CO, recycling 
research facility in Kansai Electric Power Company’s 
Minamiko Power Plant (Suminoe-ku, Osaka City). It 
makes up the final stage of the system and once com- 
pleted, full-scale hydrogen generating experiments will 
begin. 


In the first stage, which is green algae cultivation, the 
saltwater green algae, chlamydomonas, was cultivated 
using solar rays and CO, recovered by thermoelectric 
power plant flue gas decarbonization equipment (exper- 
imental plant established in the research facility in 1991; 
boasts a 95 percent CO, recovery rate), and starches and 
oxygen were generated. 


In the second stage, dark anaerobic fermentation was 
used to produce organic matter and hydrogen from green 
algae. The green algae, which carried out photosynthesis 
using solar energy during the day, generated organic 
matter and hydrogen when fermented in a non-oxygen 
environment at night (dark place). That is, enzymes 
(hydrogenase) from the green algae broke down the 
starches generated during the first stage, and acetic acid, 
formic acid and other organic acids as well as hydrogen 
were generated. The green algae is generating hydrogen 
in this stage as well, but only in very minute amounts. 


In the third stage, using the light anaerobic fermentation 
equipment that will be installed this month, photosyn- 
thetic bacteria will break down organic acid and 
hydrogen will be generated when photosynthetic bacteria 
is cultivated in the green algae fermentation liquid of the 
second stage under conditions in which solar energy 
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exists, but oxygen and nitrogen have been eliminated. 
That is, organic acids like acetic acid and formic acid will 
be broken down by enzymes (nitrogenase) from the 
photosynthetic bacteria, and hydrogen will be generated. 
The amount of hydrogen production by this equipment 
is said to be about 3 liters per day. 


MHI Researches on HCFC-22 Alternative 
Refrigerant Air-Conditioning, Refrigerating System 


43070005A Tokyo MITSUBISHI HEAVY INDUSTRIES 
TECHNICAL REVIEW I Jun 94 pp 92-96 


[Article by Hideo Kanno, Toyotaka Hirao, Takahisa 
Hirano, and Takayoshi Hamada of the Nagoya Research 
& Development Center, Technical Headquarters, and 
Nobuo Murata of the Air-Conditioning & Refrigeration 
Machinery Works] 


[FBIS Transcribed Teat] By the amendments to the 
Montreal Protocol in Copenhagen in November 1992, 
HCFC refrigerants, such as HCFC-22, which are widely 
used at present in air-conditioning and refrigerating 
systems, were to be regulated starting in 1996 and 
phased out by 2030. From the viewpoint of ODP (Ozone 
Depletion Potential), GWP (Global Warming Potential), 
flammability, toxicity and thermophysical properties, 
the prospects of 11 candidates of HCFC-22 (including 
R-502) alternative refrigerants, the results of system 
drop-in tests, and the method of predicting system 
performance are described in this paper. 


1. Introduction 


It was agreed in principle at the fourth meeting of the 
parties to the Montreal Protocol on substances that 
deplete the ozone layer, held in Copenhagen in 
November 1992, that HCFC (hydrochlorofluorocarbon), 
such as HCFC-22 widely used in air-conditioning and 
refrigerating systems at present, should be regulated 
starting in 1996 and phased out by 2030. 


It is thus a matter of urgency to develop alternative 
refrigerants to replace HCFC-22 and corresponding 
machinery. 


An essential property of the substitute is that it should 
not deplete the ozone layer i.e., it should not contain 
chlorine in its molecular composition. 


Meanwhile, the Air-Conditioning & Refrigeration Insti- 
tute (ARI) of the United States has been promoting the 
R-22 Alternative Refrigerants Evaluation Program 
(AREP) since 1992. To collaborate with this campaign, 
JAREP/TC (the Japan Refrigeration and Air Condi- 
tioning Industry Association/Alternative Refrigerants 
Evaluation Program/Technical Committee) was orga- 
nized as a Japanese counterpart, and Mitsubishi Heavy 
Industries, Ltd. (MHI) is participating in the program. 
Alternative refrigerants listed in Table | are being devel- 
oped and evaluated by the member companies. 
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Table 1. Possible Alternatives Under Evaluation in 


















































JAREP 
No. Name of Refrigerant Composition Ratio 
(wt%) 

HCFC-22 alternative refrigerant 

1 32/125 60/40 

2 32/134 a 30/70 

3 32/125/134 a 10/70/20 

4 32/125/134 a 30/10/60 

5 290 (Propane) 

6 134a 

7 717 (Ammonia) - 

8 32/125/134 a/290 20/55/20/5 
R-502 alternative refrigerant 

9 125/143 a 45/55 
10 125/143 a/134a 44/52/4 
il 143 a 











Nos. 1, 2, 3, 4, 6, 9, 10, and 11 are of HFC series. 
No. 5 is of HC series. 
No. 7 is of NH series. 


No. 8 is of HFC series + HC series. 














This paper describes the prospects of the candidate 
refrigerants, selection of refrigerating lubricants, and 
system drop-in test results, etc. 


2. Required Standards and Characteristics of Alternative 
Refrigerants 


In selection of alternative refrigerants, it is necessary to 
satisfy the required standards from broad points of view. 
From the environmental viewpoint, for example, it is 
important not to deplete the ozone layer, while other 
important requisites are safety, thermophysical proper- 
ties, chemical properties and management. So far, there 
is no known single composition that can satisfy them all, 
and promising candidates are refrigerants comprising 
mainly the HFC (hydrofluorocarbons) shown in Table | 
such as 32, 125, 134a, and 143a, mixed in suitable 
proportions. Of these, MHI evaluated and tested HFC- 
32/134a (30/70 wt%) for air-conditioning, and HFC- 
125/143a (45/55 wt%) and HFC-125/143a/134a (44/52/4 
wt%) for refrigeration, in both system and compressor. 
Their saturation pressure diagram shows a characteristic 
relatively close to that of HCFC-22 as shown in Figure 1. 
However, HFC-32/134a (30/70 wt%) is a non-azeotropic 
blend refrigerant, and it has a so-called temperature glide 
characterized by a higher dew point than boiling point at 
the same pressure. Hence, a temperature difference 
occurs between the entrance side and exit side of the heat 
exchanger, and caution is needed in development and 
use of the equipment. 
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Figure 1. Saturated Pressure Chart of Alternative 
Refrigerants. HFC-32/134a (30/70 wt%) shows a pres- 
sure characteristic close to that of HCFC-22, but it 
involves a temperature glide that is characteristic of 
non-azeotropic blend refrigerants. 





3. Study on Refrigerating Lubricants for HFC 
Refrigerants 

Properties, stability and lubricity of refrigerating 
lubricants for HFC refrigerants were studied, and the 
.ollowing results were obtained. 


3.1 Base oil 


It is a characteristic of HFC refrigerants, as compared 
with CFC or HCFC refrigerants, that no chlorine is 
contained in their molecular composition, for which 
reason they are poor in solubility, and are not soluble 
with conventional refrigerating lubricants (mineral oil, 
alkylbenzene). Hence, in order to enhance the solubility, 
it is attempted to use a highly oxygenated oil as the 
refrigerating lubricant for HFC refrigerants. Already in 
the HFC-134a system for automobile air conditioning, 
polyalkyleneglycol (PAG) is actually being used, but it is 
difficult to apply in the hermetic compressor incorpo- 
rating a motor, for reasons such as insufficiency of 
electrical insulation and hygroscopicity. Therefore, 
applicable oils are esters with relatively high electrical 
insulation and low hygroscopicity. 


3.2 Miscibility and thermal stability of refrigerating lubri- 
cants and refrigerants 


In HFC-32/134a (30/70 wt%), one of the candidate alter- 
native refrigerants of HCFC-22, miscability with refriger- 
ating lubricants was measured, and, as shown in Figure 2, 
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esters were found to have a temperature of phase separa- 
tion within a practical use range for air conditioning. In 
addition, evaluation of thermal stability by sealed tube test 
showed that polyol esters were excellent. 
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Figure 2. Miscability of Esters with HFC-32/134a 
(30/70 wt%). All three esters are within practical use 
range for air-conditioning. 





However, regarding control of hydrolysis, generation of 
carbon dioxide and other characteristic of esters, it will 
probably be necessary henceforth to cope with these 
phenomena by improvement on base oil, moisture 
control, and selection and improvement on additives. 


3.3 Lubricity 


As mentioned above, since HFC refrigerants do not 
contain chlorine in their molecular structure, they are 
poor in lubricity, and therefore depend on the lubricity 
of the refrigerating lubricants. To evaluate the lubricity 
of esters, the scoring characteristic under blowing HFC- 
134a was measured by point contact (four-ball tester); it 
was found to be almost the same, although there was 
some differences in effects between the base oil and 
extreme pressure additives. As shown in Figure 3, how- 
ever, esters (HFC-134a blowing) were recognized to be 
inferior in scoring characteristic to conventional alkyl- 
benzene (HCFC-22 blowing) and PAG (HFC-134a blow- 
ing). Further studies in relation to evaluations in actual 
machines and studies for improvement in miscability 
and lubricity will be required. 


Following investigation of esters, polyol ester was 
selected taking a serious view of thermal stability, and 
the following tests were conducted. 
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Figure 3. Scoring Characteristic of Lubricant With 
Refrigerant by Four-Ball Test. Esters/HFC-134a are 
slightly inferior in their scoring characteristic to alkyl- 
benzenes/HCFC-22 or PAGs/HFC-134a. 
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4. Evaluation of Candidate Alternative Refrigerants 
4.1 Compressor calorimeter test 


To evaluate the compressor performance of candidate 
alterrative refrigerants, HFC-32/134a (30/70 wt%) was 
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selected for air conditioning, and HFC-125/143a (45/55 
wt%) for refrigeration, and a hermetic scroll compressor 
with vompressor displacement of 81 cm?/rev. was used. 
The compressor for refrigerants is equipped with a liquid 
injection circuit for the prevention of rising of the dis- 
charge temperature in the high pressure ratio operation. 


The refrigerant liquid was injected in the test of HFC- 
125/143a (45/55 wt%). 


On the other hand, the compressor for air-conditioning 
application has no liquid injection circuit and it is the only 
different point from the compressor for refrigeration appli- 
cation. In both applications, polyol ester of viscosity grade 
VG 32 was used as refrigerating !ubricant. 


Figure 4 (a), (b) show the results of evaluation of HFC- 
32/134a (30/70 wt%) for air-conditioning and HFC- 
125/143a (45/55 wt%) for refrigeration, in contrast to 
HCFC-22. The capacity of HFC-32/134a (30/70 wt%) for 
air-conditioning is about 4-10 percent lower as com- 
pared with HCFC-22, and the coefficient of performance 
is also down by about 0-7 percent. The capacity of 
HFC-125/143a (45/55 wt%) for refrigeration is about 
80-103 percent of HCFC-22, and the coefficient of 
performance is about 10-30 percent lower. 


Figure 4 (c) shows the volumetric efficiency and coeffi- 
cient of performance of HCFC-22 for air-conditioning 


Volurnentnc efficiency (%) 
Hil J 
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Figure 4 Comparten of Compressor Performance. As compared with HCFC-22, HFC-32/134a (30/70 wt%) for air 
conditioning and HFC-125/143a (45/55 wt%) for refrigeration are lower in both their capacity and coefficient of 
performance in almost all regions. 








is prohibited without permission of the copyright owners. 


be report may contain copyrighted material. Copying and dissemination 
i 

















JPRS-JST-94-036 


















































26 October 1994 Environment 17 
Coefficient of 
: Copecity ratio ee Test unit : Packaged sir conditioner 
S100 96 96 22. mounting 5 HP scroll 
: ¥ zz a compressor 
E 3 Test 
eats - 7 aaah —~ ghee 
=|% z oe | lioner 
gs 9 2 50F 5 ; 3 Retrigerationg lubricants : 
Fy: olf a HCFC-22 | Alkylbenzene 
eo HFC-32/134a 
ss (30/70m%)| 











Figure 5. Comparison of Packaged Air Conditioner Performance. As compared with HCFC-22, HFC-32/134a 
(30/70 wt%) is inferior in its capacity by about 4 percent, and in its coefficient of performance by about 1-2 percent. 





and refrigeration, and candidate alternative refrigerants 
HFC-32/134a (30/70 wt%) and HFC-125/143a (45/55 
wt%). Herein, the differential pressure AP represents the 
difference between the high pressure PH and the pres- 
sure when the compressor is connected to the discharge 
port, and is defined as follows: 


AP = P,, - Py x Q; 
where, 


AP: differential pressure 
P,,: high pressure 

P,: low pressure 

@,: design pressure ratio 


Along with the increase in differential pressure AP, the volu- 
metric efficiency becomes notably lower, and the volumetric 
efficiency may be summed up by AP in each refrigerant and 
application. The coefficient of performance was noticed to be 
in almost constant relations among the three refrigerants 
evaluated herein regardless of applications and refrigerants, 
and hence it is known that the coefficient of performance may 
be estimated once the pressure is determined. 


4.2 System drop-in test 
(1) Packaged air conditioner test result 


Using HFC-32/134a (30/70 wt%) as alternative refrig- 
erarit, and packaged air conditioner (ceiling recessed 
typ. unit equipped with 5 HP scroll compressor) as the 
test unit, the performance was compared with HCFC-22 
in cooling and heating conditions. 


The results are shown in Figure 5, in which, as compared 
with HCFC-22, the capacity is about 4 percent lower and 
the coefficient of performance is about 1-2 percent 
lower, but the performance is regarded as promising as 
an alternative refrigerant. 


Furthermore, in temperature distribution of outdoor heat 
exchenger (evaporator) in heating test, the following phe- 
nomenon characteristic of non-azeotropic blend refrigerant 
is noted. As shown in Figure 6, in HCFC-22, as the refrig- 
erant flows from inlet to outlet, the temperature falls, 
whereas HFC-32/134a (30/70 wt%) tends to raise the 
temperature. These features provide cautions for using a 
non-azeotropic blend refrigerant as mentioned in Chapter 2. 








i i 


i 





1 5 6 7 8 9 10 11 1213 
{ —> Refrigerant flow | 
Temp. measuring points Refrigerant outlet 
Figure 6. Temperature Distribution on Outdoor Heat 
Exchanger (Evaporator) Tubes. HCFC-22 is lower in 
temperature at the outlet side, but in the non-azeotropic 
blend refrigerant of HFC-32/134a (30/70 wt%), the 
outlet temperature is higher. 





Accordingly, with the other candidate alternative refrig- 
erants, an attempt has been made to quantitately eval- 
uate technical subjects while optimizing the equipment 
suited to the refrigerant characteristic. 


(2) Result of condensing unit test 


In the case of condensing unit for showcase or cold 
storage refrigeration unit in which the evaporating tem- 
perature is in a low range about -40°C, the following 
refrigerants were evaluated as alternatives. 


(a) HFC-125/143a (45/55 wt%) 
(b) HFC-125/143a/134a (44/52/4 wt%) 


Using these refrigerants, a drop-in test was conducted in 
a condensing unit equipped with a scroll compressor 
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Figure 7. Comparison of Condensing Unit Performance. As compared with HCFC-22, the alternative refrigerants are 
equivalent or superior in their capacity, but slightly inferior in coefficient of performance. 





with liquid injection. The results are shown in Figure 7. 
The possible operating region without liquid injection is 
over -30°C, and considering the main application around 
-40°C and changes in environmental conditions, liquid 
injection is required as in HCFC-22. Comparing the 
performance with liquid injection, the refrigerating 
capacity of both refrigerants is equivalent or superior to 
that of HCFC-22, and the refrigerant (a) has a slightly 
larger capacity than the refrigerant (b). Power consump- 
tion is almost the same in both refrigerants, namely 
about 10 percent larger than in HCFC-22, and the 
coefficient of performance is thus slightly lower than in 
HCFC-22. 


5. Prediction of Performance of Non-Azeotropic Blend 
Refrigerant System 


If the blend refrigerant is non-azeotropic, many technical 
problems remain to be solved before practical use 
becomes possible. One of these is the analyzing tech- 
nique of steady state of refrigeration cycle using a 
non-azeotropic blend refrigerant. In this study, a numer- 
ical simulation model was prepared in order to analyze 
the blend refrigerant system of composition rate of 
HFC-32/134a (30/70 wt%). 


5.1 Modeling of components 


Basically, this is the same as the technique in reference 
(4) for analysis by the single refrigerant HCFC-22, so 
details are omitted. This paper relates to modeling of a 
heat exchanger in which the refrigerant temperature 
distribution differs from the single refrigerant through 
use of a non-azeotropic blend refrigerant. A model of a 
heat exchanger (evaporator) is shown in Figure 8. In the 
calculation of heat exchanger, it is necessary to deter- 
mine the temperature and quality in the longitudinal 
direction, whereby the refrigerant enthalpy at each point 
is determined, so that the exchanged heat flow can be 
calculated. The quality x can be calculated from the 
composition of liquid phase and the composition of 
vapor phase at assumed pressure and temperature. 


As a result, the relation between the two-phase refrig- 
erant temperature possessing temperature distribution 
and the quality can be clarified. In this way, the enthalpy 
and density were determined from the quality x and 
refrigerant properties of saturation liquid and saturation 
gas. In this study, the heat exchanger was divided at 
every constant dryness fraction as shown in Figure 8, and 
each region was analyzed as a lumped-parameter system, 
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Figure 8. Heat Exchanger (Evaporator) Model. By dividing 
two-phase region at every constant dryness fraction, each 
region is analyzed as a lumped parameter system. 





so that the air side changed heat flow and refrigerant side 
changed heat flow in each region could be balanced. In 
addition, the compressor performance data, character- 
istic of refrigerant side heat transfer coefficient and 
characteristic of pressure loss in pipeline determined 
from the system drop-in test data are applied in calcula- 
tion, in contrast to HCFC-22. 


5.2 Result of prediction 


Figure 9 compares the calculated value and experi- 
mental value of steady-state performance by changing 
the power source frequency to 50 and 60 Hz in the 
cooling and heating operations. In the cooling opera- 
tion, the values coincide well in both capacity and 
pressure, but in the heating operation, a difference is 
noted because the assumption in calculation was 
different from that in the experimental condition. At 
present, MHI is tackling the problems for enhance- 
ment of the precision of prediction and expansion 
into a combination of other refrigerants. 
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Figure 9. Comparison of Simulation and Experiment 
Results. System drop-in test results and calculated 
values are compared. 
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6. Conclusion 


This is a study on HFC blend refrigerants that are 
considered as hopeful candidates to replace HCFC-22. 
Using the existing system, the performance was com- 
pared with HCFC-22, and the characteristics of HFC 
blend refrigerants for air-conditioning and for refrigera- 
tion were almost clarified. Henceforth, for practical use, 
it will be necessary to improve in the system reliability 
including compressor durable-range of conditions of use 
and to enhance system performance so as to reduce the 
energy consumption. Further studies are being con- 
ducted. At the same time, by evaluating more alternative 
refrigerants, MHI is endeavoring to promote develop- 
ment of an optimum system. 
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STA Develops New Isotope Separation Method 
Using IR Laser 


94FE0841A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 28 Jul 94 p 5 


[FBIS Translated Text] The Science and Technology 
Agency’s National Research Institute for Metals (NRIM) 
has developed technology that uses infrared laser light to 
separate silicon isotopes. Although technology for sepa- 
rating and refining the uranium isotopes used in nuclear 
power generation has become practical, this is the first 
realistic technology that controls isotope composition 
for the purpose of developing high-performance mate- 
rials. Silicon is widely used as a semiconductor material, 
and the ability to separate silicon isotopes will open the 
road to new fields such as high-thermal-conductivity 
materials and materials for use in nuclear-fusion reactors 
that do not become radioactive. 


Naturally occurring silicon consists of Si28, i.e., the 
atoms are composed of 14 protons and 14 neutrons and 
the isotope has a mass number of 28 (the sum of protons 
and neutrons). However, naturally occurring silicon con- 
tains 4.67 percent Si29, with one more neutron than 
Si28, and 3.1 percent Si30, with two more neutrons. 
Those two isotopes have different properties than Si28. 


The new technology involves the synthesis of Si,F, gas 
from a silicon compound, then while that continuously 
flows through a reaction device, irradiating it with 
infrared laser light that has a specific wavelength. That 
wavelength causes more Si,F, coniaining a certain iso- 
tope to separate than the Si,F,, containing other isotopes. 
SiF, and solid silicon polymers are formed from the 
reaction. Because the Si,F, solidifies at -20°C, and the 
SiF, solidifies at -90°C, NRIM researchers used the 
temperature difference to separate the two. 


NRIM researchers also thought out ways to prepare the 
silicon compound gas used as the raw material, and to 
select the optimal wavelength of the infrared laser. By 
using a laser with a wavelength of 10.53 microns, the 
researchers succeeded in increasing the percentage of 
Si30 in the SiF, to about 40 percent. Similarly, with 
10.46-micron laser light, they were able to enrich the 
content of Si29 to about 10 percent. 


On the other hand, Si28 is enriched in the leftover Si,F, 
that is not separated. NRIM researchers also say that it is 
relatively easy to extract and recover kilogram units of 
those isotopes in pure form. 


Purified Si28 is thought to have high thermal conductivity. 
The uses of Si29 as a material for nuclear-fusion reactors 
and as samples for nuclear magnetic resonance can be 
expected because Si29 does not become radioactive when 
exposed to radiation. 


Si30 is being considered for use in high-performance 
semiconductors. Now, phosphorus is injected into a 
silicon substrate by means of ion injection to form an 
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n-type semiconductor layer, but altering the concentra- 
tion of phosphorus in different places is difficult. 
Because Si30 tends to change into phosphorus when it 
receives a neutron, there is the possibility of being able to 
fabricate higher-performance devices by irradiating a 
substrate made of S$i30 to freely control the phosphorus 
concentration. 


Kobe Steel, Ltd. Develops Superconducting Magnet 
Technology for Nuclear Magnetic Resonance 


94FE0841B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 4 Jul 94 p 14 


[FBIS Translated Text] Kobe Steel, Lid., will intensify its 
joint effort with other companies involving supercon- 
ducting magnet technology. As a result of its sale to a 
Pennsylvania university of a superconducting magnet 
system for nuclear magnetic resonance (NMR) in Feb- 
ruary, Kobe Steel will dissolve its research center into a 
new Organization and upgrade it to a strategic enterprise. 
The goal is to shift from supplying raw materials, i.e., 
alloy-based wiring materials, to [developing] high- 
valued-added final products. In NMR-oriented products 
alone, the company aims for four to five systems per 
year, for ¥ | billion per year in sales. 


The opportunity for Kobe Steel’s superconducting 
magnet enterprise came when the company developed 
superconducting wiring materials made from niobium 
tin and niobium titanium and began supplying those as 
raw materials. After winding 10,000s of meters of such 
wiring material into a magnet, the company covers the 
magnet with a cryostat to finish it into a system. 


The NMR-oriented superconducting magnet system was 
jointly developed by Kobe Steel and Japan Magnet 
Technology (JMT, Kobe City; Kazuo Takabatake, pres- 
ident). Established in 1989, JMT received 60 percent of 
its financing from Kobe Steel, and 20 percent each from 
Otsuka Electronics Co. and Ei Magnex Scientific Co. 
The resonance frequency, which indicates analytical 
capability, is 750 MHz, and the magnetic field strength is 
17.6 Tesla—the highest in the world. The system sold to 
the university was also the first in the world to demon- 
strate the analysis data. 


In NMR, the use of a superconducting magnet system is 
the ideal way to determine the molecular structure of 
proteins and other such complex molecules. While the 
¥ 200-million cost of such a system is high, Kobe Steel 
has already confirmed orders for four systems and says 
that sales of four to five systems per year are certain. 


Because Kobe Steel is gaining upon the highest level of 
technology in the world and the outlook is bright for its 
comme':cialization of superconducting magnet systems 
for NMR, this month the company dissolved the ““Super- 
conductivity and Low-Temperature Technology Center” 
in its main technology development division and 
upgraded it to a superconductivity laboratory. The com- 
pany’s next course is to hasten the R&D geared toward a 
resonance frequency of 900 MHz. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-JST-94-036 
26 October 1994 


NMR is a reaction that takes place when matter is placed 
in a fixed magnetic field; the magnetism of the atomic 
nuclei returns to its original state giving rise to vibra- 
tions, and the atomic nuclei absorb or emit electromag- 
netic radiation at a certain characteristic frequency. The 
strength of the powerful magnetic field from a supercon- 
ducting magnet is needed in order to clarify the molec- 
ular structure of a complex protein with a molecular 
weight of 10,000 or more. 


NEC Develops Laser Diode Requiring Very Low 
Operating Current 


94FE0841C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 22 Jul 94 p 1 


[FBIS Translated Text] NEC developed a laser diode 
(LD) that uses an operating current one-half as strong as 
that used by conventional LDs. For ihe time being, NEC 
is developing the LD for use as the light source of 
barcode readers and other such portable measurement 
devices, but the company is also investigating applica- 
tions in other fields. The LD is an optical device that 
attracts attention as the key part of multimedia equip- 
ment, which continues to get smaller, and reducing the 
LD’s operating current is the key to the further spread of 
the device. Jumping on that opportunity, NEC will 
strengthen its development of energy-conserving optical 
devices. 


For an optical output of 5 mW, the new LD requires 30 
mA of current, which is half that needed by NEC’s other 
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LDs. As a visible-light LD with a wavelength in the 
670-nm band, the LD has the highest level of perfor- 
mance in the world. 


The LD semiconductor is a compound semiconductor 
made by combining elements such as aluminum, gal- 
lium, indium, and phophorus. NEC found a way to use 
the right ratios of those elements to prevent light disper- 
sion and concentrate the light in a forward direction and 
thereby realize performance that allows efficient light 
output with a small current. 


The temperature range over which the device can be 
used, 60° C, is also better than the typical 50° C range for 
conventional LDs of its kind. Thus, the LD has the 
performance to withstand usage in environments where 
the temperature conditions are more severe, such as in 
factory production-process control. The sample price is 
¥ 3,500 per unit. Starting in September, NEC will 
produce 50,000 units per month. 


In addition to using LDs as the light source for informa- 
tion and measurement equipment, the uses for LDs are 
expanding to include uses in communications and in 
high-density magnetic devices. In particular, there is a 
need for communications-use LDs on semiconductor 
chips that can use a small current to transmit large 
volumes of information at a high speed, and there are 
increasing expectations about the energy-conserving 
types of LDs. NEC will apply the technology it estab- 
lished with this LD for reducing operating current in the 
area of communications-use LDs. 
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Thin Film Devices 


Exposure System for Six 10-Inch Panels Per Plate 


94FE0823 Tokyo SEMICONDUCTOR WORLD 
in Japanese Jul 94 pp 113-116 


[Article by Toshio Matsu’ura, Precision Instruments No. 3 
Design Division, Nikon Corp.] 


[FBIS Translated Text] 


Introduction 


The second generation of production lines for color 
TFT-LCDs is up and running and announcements of 
plans for third generation lines are starting. The main 
point in the requirements of exposure systems for the 
coming third generation lines can be thought of as being 
the improvement of productivity. Up to now, device 
makers have increased plate size and equipment makers 
have improved the handling of large plates and 
throughput in order to improve productivity. I do not 
think that this trend will change in the third generation. 
The theme of six 10-inch panels per plate that I was 
given for this report also indicates this. 


FX-501D 


1. Main Capabilities and Features 


The performance specifications of the FX-501D LCD 
exposure system are given in Table |. The resolution is 
3um L&S and 2.4um isolation pattern, and this can 
sufficiently handle the requirements for higher resolu- 
tion that accompany future handling of OA and direct 
observation displays. In terms of machines for high 
resolution for projection TV LCDs, we are preparing the 
FX-401E/402E that has a resolution of 2um L&S and 
1.6m isolation pattern. 





Table 1. Main Specifications of the FX-501D 






































Item Performance 
resolution 2.4um isolation 

3um L&S 
exposure range 100mm square 
projection magnification Vi 
exposure power 80m W/cm 
superimposition precision 3850.5um (EGA) 
plate shrinkage correction +/-20ppm 
reticle dimensions 6 inch 
maximum exposure area 550x650mm 
maximum plate dimension 55mm square 

$50x650mm(op) (30 inch LCD) 
throughput 220 panels/hour or more 
(9.5 inch x 4 per plate, PGA) 





The FX-501D is a system developed with improvement in 
throughput as the number one goal, and a 20-30 percent 
increase in conventional products, such as two 110.4-inch 
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panels per plate, and a large improvement in throughput 
has been realized. In addition, the capabilities are 
improved in general, with the alignment sensor now multi- 
axis and the calibration function complete. Because of this 
completeness of functions, there is not only improvement 
in throughput, but also improvement in user-friendliness 
and comprehensive improvements in productivity, such as 
a reduction of set-up time. Figure | [not reproduced] 
shows the appearance of the FX-501D. 


2. Productivity Improvements: Handling of Large 
Substrates and Six 10-Inch Panels - 


Figure 2 shows the relationship between the number of 
panels and throughput for the 10-inch panels on which 
the FX-501D is based. Since the time for plate alignment 
and reticle replacement alignment is fixed for the pro- 
cessing for one plate, the larger the number of panels per 
plate is, the lower the relative time per panel. Therefore, 
with the stepper system, multiple panels is an effective 
means for increasing throughput. Even for large plate 
sizes, the FX-501D can be expanded to a maximum of 
550x650mm, and it is sufficient to handle the 450x550- 
500x600mm sizes for third generation lines. 


As can be seen from Figure 2, there is a 40 percent 
increase of panels per unii time with two to four 10-inch 
displays per plate, that is a plate size of 300x400- 
360x465mm, and a 20 percent increase with four to six. 
Increasing plate size is a main support for increasing 
throughput. For six 10-inch panels, a plate size of 
450x550mm or greater is necessary. 
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Figure 2. Comparison of Plate Size and LCD Panel 


Throughput 


Key: 1. (panels/hour) 2. plate size 3. 10-inch class panels 
per plate 4. 2 5. 4 6. 6 





In the case of a 450x550mm plate, 12-inch panels are 
possible with four per plate, and 16-inch panels with two 
per plate. In addition, with a 500x600mm plate, 13-inch 
class panels are possible with four per plate and 18-inch 
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class ones with two per plate. The final goal for engi- 
neering work stations is probably approximately 20-inch 
panels. Furthermore, there is a need for patterning of the 
large-scale displays for future wall-mounted televisions. 


The systems that can carry out flexible exposure up to 
these sizes are stepper systems. With the FX-501D, the 
element times for each section, such as the reticle 
replacement time, have been reduced, and we think that 
high mass-production productivity can be obtained 
through a combination of increased substrate size and 
multiple panel production. 


In order to reduce the time for reticle replacement 
preparations during lot changes, the FX-501D has an 
optional reticle cache function. With this function there 
is a reticle holder called the reticle cache box next to the 
reticle changer, and it is a function for changing the 
reticle in the reticle changer very quickly. With this 
function, the time for reticle replacement is halved, and 
we can expect that this will make a large contribution to 
improved productivity. 


3. Improvements in Interchange Precision and Screen 
Composition Precision 


In order to achieve improved productivity with increased 
precision and larger aperture ratios for LCDs, there must 
be exposure at a precision that does not differ from. a single 
unit, even if there are interchanges between several sys- 
tems. No matter how good the precision of the individual 
unit is, the line cannot actually be run if there is not good 
interchange precision. In the end, improvements in inter- 
change precision lead to improvements in productivity. 
The projection lens distortion in the FX-501D has been 
greatly improved, and it has attained a high interchange 
precision and screen composition precision. 


In addition, not only is the matching among exposure 
systems important, but matching with color filters for 
increased precision and larger aperture ratios will also 
become important. The FX series carries out exposure 
pattern precision control by means of absolute coordi- 
nates using a laser interferometer stage, and it can handle 
improvements in the precision of color filter matching. 
Reduction of the margin for attaching color filters is 
thought to have a big effect on increasing aperture ratio. 


4. In-Line Handling 


From the point of view of plate handling that accompa- 
nies countermeasures for dust and increased plate size, 
there is a need for some means of automatic transport 
and in-line handling for large plates. In-line systems can 
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be divided into two types, piecewise in-line systems and 
cassette in-line systems that use AGVs. 


In the piecewise case, we have a completely in-line 
system, but the lowest coater tact time is the limitation. 
In addition, the risk of maintenance and equipment 
down-time increases with the connection of several sys- 
tems. With piecewise systems, the temperature control 
function for matching the temperature of the glass plates 
to that of the equipment becomes important with 
increases in plate size. In the case of cassette in-line 
systems, it is possible to solve the problems of differ- 
ences in tact time and the risk of down-time, and the 
flexibility in production management is great. Control of 
transport vehicles, which correspond to lots, becomes an 
important point. 


No matter which system is chosen, there are advantages 
and disadvantages, and much depends on the user and 
the line. The FX series can handle either system, and 
these systems are actually being used with both systems. 
In particular, the piecewise system is first possible with 
the reliability of the equipment. 


5. On-Line Handling 


The effects of the dust countermeasures of reducing the 
number of people in the clean room and reduced power 
consumption, increased production efficiency, and the 
need for being on-line along with being in-line as a part of 
CIM will probably become a reality in the future. In an 
on-line system, line control and management are carried 
out by the host computer. The rules are based upon SECS, 
which are the standards for use of semiconductor produc- 
tion equipment. At present, when the second generation 
lines are just coming up, on-line systems are just getting a 
start in some places. Figure 3 shows an example of an 
on-line networking of an FX-501D and a DPS-4000 data 
handler. 


DPS-4000 Data Handler 


The DPS-4000 data handler, which has been announced 
as peripheral equipment for the present FX series is for 
Carrying out exposure data composition with a worksta- 
tion set up outside of the clean room and is separate from 
the computer for controlling the exposure system itself. 


The various types of data can be created interactively 
while viewing color graphics, and it has a wealth of 
features, including error checks and throughput simula- 
tions for the data generated, animated exposure proce- 


dure display, and uploading to the stepper by LAN. 
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Figure 3. On-Line Network With DPS-4000 
Key: 1. Host computer 2. LCD production system 3. (On line) line control and management 4. (DPS-4000) data 


editing 5. M/C: machine controller 





Viewing this from the standpoint of contributions to 
productivity, it will lead to reductions in set-up time and 
will exhibit a lot of power. An example of the DPS-4000 
screen composition screen is shown in Figure 4 [not 
reproduced]. 

Conclusion 

With the rapid changes in LCD production technology, it 
is difficult, at this time when the second generation lines 
are just starting up, to determine the performance and 
plate sizes that will be required for the third generation 
lines that are predicted to be operating in two years. 
However, I think the directions are much clearer than they 
ee ne eee 
increasing productivity. We would like to develop future 
systems by pursuing improved productivity and user- 
friendliness, grasping the needs of users and, furthermore, 
obtaining the cooperation of users. 


Current State and Problems With Piecewise 
Plasma CVD Systems 


94FE0823B Tokyo SEMICONDUCTOR WORLD 
in Japanese Jul 94 pp 117-121 


[Article by Takao Ito, Semiconductor and Electronics 
Operations General Headquarters, ULVAC Japan Ltd.] 
Introduction 


In the LCD market, the production output of a-Si TFT- 
LCDs is doubling every year, and along with this, LCD 


production system user companies are strongly voicing 
requirements for improvements in the productivity of film 
growth systems, which have an important position in 
production facilities. The reason for this is that with 
TFT-LCD production equipment, piecewise systems are 
being used instead of the conventional in-line systems. 
In turning to piecewise vacuum systems for TFT-LCD 
production, there are the advantages of (1) improved 
yield, (2) improved work rate, (3) reduction of equip- 
ment area, (4) trouble break-up, (5) holderiess operation 
and (6) possibility for managing substrates one at a time. 
Among these, improvements in yield are particularly 
important, and the major factor in reducing yield is 
particles; piecewise systems are excellent in controlling 
these at every stage. 

In order to handle these needs, this company has mar- 
keted a piecewise multichamber system series with a 
SMD-450 sputtering unit, a CMD-450 plasma CVD 
unit, an RMD-450 etching unit and a common use basic 
transport module. In this report, we will take up the 
CMD-450, and discuss its features. Figure | [not repro- 
duced] shows the appearance of the CMD-450. 


Current State of Piecewise Plasma CVD Equipment 


1. Features of the CMD-450 


The main current in conventional plasma CVD mass 
production equipment has been vertical double-sided 
film growth batch processing in-line systems, but the 
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work rate is low, the maintenance operations and tray 
management difficult and the equipment footprint large, 
so the appearance of machines with a new concept is 
desirable. The CMD-450 solves these problems; the 
process software is complete, and it is an LCD piecewise 
plasma CVD system that has been marketed for intro- 
duction into mass production lines. 


In terms of the system structure of the CMD-450, it is a 
cluster type, multichamber system with two cassette 
chambers, one heating chamber and a maximum of four 
reaction chambers surrounding a heptagonal transport 
chamber. The maximum substrate size is 370x470mm, 
and substrate transport is carried out by a substrate 
transport robot that is set up in the transport chamber; a 
cassette-to-cassette system in which the substrates, which 
are removed one at a time from the cassettes, are 
returned to the cassettes after heating or film growth 
processing is used. 


In order to improve the productivity and maintainability 
of the CMD-450, (1) high-speed film growth technology, 
(2) high-speed substrate transport technology, (3) high- 
speed temperature control technology and high speed, 
high-temperature cleaning technology are incorporated, 
and it is a piecewise cluster type multichamber plasma 
CVD system. 


In order to realize this concept, the process chambers of 
the CMD-450 have the following features: (1) incorpo- 
ration of high precision electrodes for realization of 
uniform discharge; (2) realization of a-Si film high-speed 
growth (2000 Angstroms/min or greater) that controls 
the generation of particles through use of pulse dis- 
charge; (3) increased plasma density by raising the dis- 
charge frequency, and realization of low-damage, high- 
speed SiN, film growth (2000 Angstroms/min or 
greater); (4) use of NF, plasma cleaning and a special 
electrode structure for realization of high-speed cleaning 
(5000 Angstroms/min or greater); (5) possibility of in- 
situ plasma cleaning at process temperature using special 
materials; (6) thorough elimination of residual fluorine, 
and prevention of cross-contamination; (7) character- 
istic stabilization through continuous film growth for 
one cassette. 


2. Evaluation of Film Characteristics (1) a-Si 
High-Speed Film Growth 


If the introduction power is increased, the a-Si film 
growth speed increases, but powder increases at the same 
time. In order to control powder generation, a pulse 
plasma discharge in which a high frequency pulse mod- 
ulation is carried out for introduction is used. Figures 
2-4 show examples of film growth with the CMD-450 
coupled with a very high frequency of 12MHz. At a film 
growth speed of 2000 Angstroms/min or greater, low 
stress and a luminosity-conductivity ratio on the 106 
level are obtained. 
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Figure 2. SiH, Rate of Flow and Film Growth Speed 
Key: |. film growth speed 2. rate of flow 
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(2) SiN, High-Speed Film Growth 


High-speed film growth using very high frequencies has 
been established for silicon nitride films. The nitriding 
in silicon nitride film growth is rate-determining, and 
increasing the concentration of radicals is important for 
high quality film growth. This can be done using very 
high frequency electric discharge, and high insulating 
qualities and low stress film characteristics are obtained. 
As an example of the SiN, film characteristics when film 
growth parameters are varied, Figures 5 and 6 show the 
relationship between N, flow rate and film growth rate 
as well as film stress. At a film growth rate of 1800 
Angstroms/min, there is sufficient nitriding, and a low 
stress film is obtained. An insulation voltage resistance 
of 8MV/cm or more is obtained. 


(3) Plasma Cleaning 


In terms of process chamber cleaning, plasma cleaning at 
the process temperature is necessary, and with progress 
in the development of materials for realizing this and 
rationalization of conditions, a process with good repro- 
ducibility has become possible. Furthermore, after 
cleaning, residual fluorine is eliminated, and we have 
been able to confirm that there is a recovery of film 
characteristics after film growth. 


(4) TFT Characteristics 
growin speea of ZUUU ANgstroms/min or greater, 10w 
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evaluation, 0.9cm?/Vs has been obtained for the chan- 
nel-etched TFT elements produced by the CMD-450 
(conventional value 0.5cm*/Vs, Figure 7). 
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Figure 7. SiH, Film Growth Pressure and Mobility 


Key: 1. mobility 2. gas pressure 





Future Problems 


As was mentioned earlier, there are advantages to piece- 
wise multichamber systems, but it has been assumed that 
they are not as good as in-line systems in terms of 
throughput. However, with the CMD-450, high-speed 
film growth and high-speed, high-temperature cleaning 
technology has been completed, and a high throughput 
has been realized. In addition to improving the film 
growth rate, a multiple hot plate mechanism has been 
employed for substrate heating. In this, the heating time 
for each remains the same, but using multi-stage hot 
plates, high-speed tact is possible overall because it is 
multi-stage. Even though it changes according to the 
device, a throughput of 30-40 per hour (inclusive of 
plasma cleaning time) is possible for an SiN,/a-Si/SiN, 
three-layer film growth process using the above functions 
and mechanisms. This value is equal to that of conven- 
tional in-line systems. 


The requirements for plasma CVD systems with even 
greater productivity for third generation lines are: (1) 
Handling of larger size substrates; (2) Throughput 
improvements; (3) Improvements in investment effi- 
ciency for facilities. The technology realized with the 
CMD-450 can be thought of as being sufficient for these 
requirements. 
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Current State and Problems in LCD Cell 
Assembly Processes 


94FE0823C Tokyo SEMICONDUCTOR WORLD 
in Japanese Jul 94 pp 122-126 


[Article by Akira Takagi and Toru Yamashita, Gifu 
Production Division, Sanyo LCD Engineering] 


Introduction 


In the last few years, there has been a tremendous 
diffusion of LCDs into the market. Making use of the 
characteristics of thinness, lightness and low power con- 
sumption, they are becoming known in products with 
AV uses, such as portable TVs and projectors, in infor- 
mation terminals such as PCs and engineering worksta- 
tions, and recently in camcorders, car navigation systems 
and game displays. It goes without saying that behind 
this is the rapid rise of color and active matrix systems. 
At present, the various companies are moving ahead 
with second and third generation facilities investments. 
In addition to higher quality in high yields, large sizes 
and high precision, the goals are for the establishment of 
process technology that shines with low cost and 
rationalization. 


Naturally, suitable improvements in cell assembly are 
necessary. Based on the previous ones, the points for 
selection of production equipment are increased work 
size, improved processing capabilities, and as an 
environmental measure, elimination of Freon. 


In this report we will explain the current state and future 
problems in the cell assembly processes for a-Si TFT, 
which we have taken part in, roughly dividing them into 
three types: (1) orientation processing, (2) attachment 
processing and (3) liquid crystal implantation and 
sealing processing (Figure 1). 


Orientation Processing 


Because of fluorine regulations, improvements in 
throughput, increased sizes of substrates and contamina- 
tion countermeasures, water-based, piecewise cleaning 
has become the main current. With pure water as a base, 
the cleaner is mixed in and tools such as scrubbing, 
ultrasound and high pressure are combined. In preclean- 
ing, the application precision of oriented films is 
improved with UV cleaning, and in after-cleaning, han- 
dling is done with minute changes in the combinations 
and conditions for cleaning tools, so as to avoid dam- 
aging the oriented film. Recently, equipment for a dry 
process of ultrasound and air sprayed on the work to 
eliminate contamination has been developed for 
after-cleaning. 
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Figure 1. Process Flow 


Key: 1. TFT substrate 2. precleaning 3. oriented film 
application 4. rubbing 5. after-cleaning 6. spacer disper- 
sion 7. color filter substrate 8. seal forming 9. sealing 10. 
attachment 11. gap formation 12. seal sintering 13. panel 
partitioning 14. liquid crystal imp!antation 15. sealing 16. 
cleaning/finishing 17. examination/attachment of polar- 
ized light panel 18. LCD panel completion 19. module 
processing 20. orientation processing 21. attachment pro- 
cessing 22. liquid crystal implantation/sealing processing 








Usually a polyimid solution flexography method is used 
for oriented film application. Both the equipment and 
processes are almost complete for this method. This is a 
process with a margin in processing capability. Equip- 
ment that has automatic alignment mechanisms added 
to it can handle the positioning that accompanies larger 
sizes, but precision and control in printing plates is 
important. 


In terms of orientation control methods, the main cur- 
rent is conventional rubbing of the substrate with a cloth 
wrapped roller. In current lines, electrostatic breakdown 
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and irregularities in orientation arose at the beginning of 
operations, and these had an effect on quality and yield, 
but at present most of these problems have been solved. 
Along with increases in work size, there has been a 
natural increase in equipment size, but the points in 
equipment selection are roller rotation precision and 
base flatness and rigidity. In addition, since substrate 
charging increases, discharging is done with humidifica- 
tion and ionizers. Basically, these are processes in which 
contamination and static electricity arise easily, and in 
the future, it would be desirable to have non-contact 
orientation control methods. 


Attachment Processing 


There are wet methods and dry methods for spacer 
dispersion, but in general, the former is used. Conven- 
tionally, there was spray dispersion by a Freon mixture, 
but with regulation, the main current became dispersion 
using water and alcohol mixtures. The know-how is in 
complete single particle spacers, and, for example, there 
is circulation of the solution and controlling the settling 
of the spacers. 


On the other hand, the dry method is cleaner than the 
wet method and causes less damage to the substrate, and 
recently there have been improvements in dispersion, 
but there are still some problems with reproducibility in 
continuous processing, etc. In the future, it would be 
desirable to move to the dry method, from the stand- 
point of reduced dispersion time and effective use of 
spacers, and this is expected of equipment makers. 


However, the final goal is spacerless products that aim at 
improvements in display quality. Work is being done on 
making small sizes practical as one of the important 
problems in assembly processes. 


Normally, screen printing is used for frame seal forma- 
tion. There are advantages in terms of productivity, but 
in terms of quality, there is no getting away from 
problems such as damage to the oriented film, contam- 
ination and static electricity, since contact of the printing 
plate with the work cannot be avoided. In addition, as 
the work size increases, there are still problems with 
plate pattern precision. Recently, the dispenser method, 
in which the seal pattern is plotted without contact has 
reached the practical level. These are cleaner operations 
with no need for cleaning with harmful chemicals or 
plate preparations for each machine, and it has the merit 
of low running cost. Realistically, the processing time 
differs for different numbers of panels per substrate, and 
the larger the substrate and the larger the number of 
panels there are, the greater the disadvantage. We can 
say that increased speed and stabilization of plotting are 
the problems for the future. There are advantages and 
disadvantages either way, and in the final analysis, it is a 
user value judgment. The features of each system are 
given in Table 1. 
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Comparison of Frame Seal Formation Methods (*advantage, **disadvantage) 

Screen Printing Dispenser Method 

**CONTACT WITH WORK *NO WORK CONTACT 

Damage to work (contamination of oriented film, electrostatic prob- No damage to work 


lems, etc.) 





**SEAL PATTERN CREATED BY PRINTING PLATE 


*SEAL PATTERN CREATED BY PLOTTING PROGRAM 





Creation and correction of printing plate contracted (problems of cost 
and time) 


Creation and correction of plotting pattern easy and fast 





Time needed for change-overs (plate replacement) 


Change-overs are only data (FD) exchanges 





Need for printing plate cleaning equipment (problems of equipment 
cost, space, etc.) 


Not needed 





Use of organic solvents for printing plate cleaning 


Improvement of working environment since organic solvents are unnec- 
essary 





Need for printing plate storage (problems of cost and space) 


Not necessary 





Running costs are necessary (plate cost, cleaning fluid costs, cleaning 
fluid waste processing, etc.) 


Almost no running costs 





*HIGH WORK PROCESSING CAPABILITIES 


**LOW WORK PROCESSING CAPABILITIES 





Approximately 30 plates/min 


Approximately 30-120 sec/plate (plotting speed: 50-70mm/sec) 





No change in processing time with work size or number of panels per 
plate 


Change in processing time with work size and number of panels per 
plate (the larger the plate and the greater the number of panels, the 








greater the disadvantage) 
*MICRO-PATTERNS POSSIBLE (implantation inlet bank, silver paste **MICRO-PLOTTING PATTERN DIFFICULT (possible, but time 
enclosure, etc.) consuming) 





Sealing indicates the series of processes in attaching the 
seal formation substrate and the spacer dispersion sub- 
strate and hardening the seal, and it is the most important 
process in cell assembly. Figure 2 is a block diagram of the 
sealing process. The points here are (1) gap control, (2) 





alignment precision and (3) throughput, and all of them 
depend greatly on the equipment performance. 


In gap control, a comprehensive design that takes into 
consideration seal spacer diameter and dispersed spacer 
diameter, and the relationship between the modulus of 
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Figure 2. Sealing Process Block Diagram 


Key: 1. seal formation 2. spacer dispersion 3. attachment equipment 4. upper substrate inverted supply 5. lower 

substrate supply, UV temporary attachment material application, silver paste application 6. rough alignment, pressure 

7. main alignment, main pressure, UV adhesion curing 8. gap formation equipment 9. thermally hardened seal 10. hot 
press 11. UV hardened seal 12. UV press 13. sintering furnace 14. seal sintering 15. panel partitioning 
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Figure 3. Outline of Cell Gap Formation Unit (from Ropuko) 
Key: 1. press 2. air film generator (hot plate) 3. glass substrate 4. spacer 5. air film 6. seal material 





elasticity and distribution density of the dispersed 
spacers and the press pressure is necessary, and this 
almost all depends on experiential know-how. Naturally, 
there is a need for higher performance (rigidity, flatness, 
etc.) in attachment equipment and gap formation 
equipment. 


Alignment precision is a problem of precision in the 
pattern of the TFT or color filter substrate itself, but with 
increased work size and higher precision, an alignment 
precision of lym for the attachment equipment is nec- 
essary. It has reached the level of requiring automatic 
alignment technology that makes use of image pro- 
cessing, but there are requirements for high precision 
alignment while a large load is applied to the work, and 
problems remain in mechanical reliability. 


In terms of throughput, seal hardening methods are rate 
determining. Since batch processing, in which hardening 
is done while the panel is held in a pressure jig, is usually 
used, there are problems with workability and produc- 
tivity, and as the size of the work increases the load will 
increase. One solution developed for this is equipment 
for hardening the seal material in a short time while 
maintaining the gap by means of high temperature 
pressing and carrying out the remaining sintering in a 
released state either in-line or piecewise (Figure 3). Since 
this equipment applies pressure without contact, it also 
solves the problems of static electricity and scratches. 
However, since epoxy thermal hardened resins are used 
for the seal material, the know-how is in the character- 
istics of the resin itself and the optimization of hard- 
ening conditions. Actually, it takes several minutes for 
the resin to harden to a state that maintains the gap, and 
throughput is worse than for other equipment. For 
in-line operation it is necessary to increase the number of 


machines, and there are expectations for the develop- 
ment of a resin that turns to a gel in a short time. There 
is a need for controlling work distortion during the main 
sintering. 


In the future, there are expectations for attachment 
technology that uses only UV hardened sealing material 
and carries out alignment while the liquid crystals are in 
place. The main sintering and liquid crystal implanta- 
tion process that will be discussed after this can be 
eliminated, and productivity will suddenly be improved. 


However, with 1-2 type small poly-Si TFT, a method 
that uses a UV hardened resin for the frame seal is now 
practical. 


Liquid Crystal Implantation and Sealing Processing 


Panel partitioning is the process of cutting and parti- 
tioning a panel that has been put together in a large plate 
(multiple panels) into individual panels, and normally, a 
glass scribe and breaking machine are used. In addition 
to the original partitioning performance (positioning 
precision, chip prevention, reliability, etc.), care must be 
taken in the case of TFT with countermeasures for static 
electricity. Besides the precision of the equipment, the 
glass material and wheel (knife) appropriateness are 
important points. It is necessary to find wheel materials 
and angles that allow for low scribe and breaking pres- 
sures for preventing glass chips and improving reliability 
through experience. On the other hand, these are diffi- 
cult processes to rationalize. While there are fully auto- 
matic machines proposed by equipment makers, the 
equipment for the partitioning method is large and 
complicated since the scribe surface and the opposing 
surface strike each other, and there is anxiety about a 
drop in work rate because of partitioning reliability 
problems; this is intensified with greater work and more 
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panels per plate. Rationalization with the introduction 
of in-line equipment is being considered. 


Liquid crystal implantation is generally carried out 
making use of the capillary tube phenomenon and pres- 
sure differential using the vacuum implantation method. 
The main points of this process are throughput improve- 
ment and rationalization, and the big expectations for 
equipment. Normally, batch processing in which mul- 
tiple panels fixed in a jig are dipped into a reservoir of 
liquid crystals is used, the disadvantage being that with 
large panels, the implantation time increases. Methods 
for reducing the time include establishing several 
implantation inlets, heat implantation methods and 
pressurizing the tank. The bottleneck for automation is 
the handling of multiple types with differing sizes and 
shapes. The introduction of piecewise equipment would 
be desirable in the future. 


Standard UV hardened resin is used to seal the inlets in 
panels after implantation. However, there is a slight 
swelling of panels that are full, so a method in which the 
panels are held between jigs when the inlets are sealed in 
order to obtain a fixed gap is commonly used. On the 
other hand, the pressurization process requires many 
processes, and since this is an obstacle to automation, 
there are also cases in which the inlets are closed when 
the panel is free. At this time, it is necessary to optimize 
the earlier mentioned sealing and implantation condi- 
tions. In addition, this is a process that is difficult to 
automate. The reason is that resin application precision 
and handling of multiple machines when the implanta- 
tion inlet has a structure with different levels (terminal 
section) is a problem for switch-overs, etc. 
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Dust Elimination and Static Electricity 
Countermeasures 


When we consider stable production and high yields, it is 
indispensable to consider making each of the process 
technologies and equipment technologies dustless and to 
counter static electricity, and it is necessary to incorpo- 
rate countermeasures at the initial stages of operating 
methods and equipment design. 


In terms of making equipment dustless, measures for 
preventing metallic powder that creates dust from equip- 
ment, jigs and tools are necessary in addition to general 
countermeasures for operations and environment. 
Besides gap irregularities, there are up and down shorts 
and partial deterioration of retention. For example, this 
can be handled by equipment designs in which there are 
no moving parts positioned over the work and providing 
a dust collection mechanism if dust is generated. Finally, 
it would be desirable to have in-line operation through 
sealing processes with internal and external dust preven- 
tion designs. 


In the case of TFT, static electricity countermeasures are 
commonsense, and equipment reflects this to a large 
extent. In particular, care is needed in charging and 
discharging at the time of stage attachment and detach- 
ment and conveyor transport. The point is controlling 
the amount of charging as much as possible and avoiding 
a sudden discharge, and for example, discharge preven- 
tion units are attached along the conveyor, the attach- 
ment surfaces of the work made small and the speed of 
detachment from the stage conirolled to deal with this. 


Summary 


We gave an outline of the a-Si TFT cell assembly process 
that we are involved in in the order of processes. Finally, 
we will summarize the problems in each process (Table 2). 





Current State and Future Problems in LCD Cell Assembly Processes 


























Process Current State | Future Problems 
System/equipment Processing capabilit 
(sec/piece or batch) te 
Oriented processing Precleaning Water based cleaning 30 or less (x5-7 tanks) Improvement of cleaning capabilities 
(piecewise) 180-300 (x3-4 tanks) 
IPA cleaning (batch) 
Oriented film Flexography 30 or less Improvement in printing precision 
application (piecewise) accompanying increased work size and 
multiple panels 
Rubbing Rotational rubbing 30 or less Improvement in rubbing precision with 
(piecewise) increased work size and multiple panels 
Develop and make practical non-contact 
orientation control technology 
After-cleaning Water-based cleaning 30 or less (x5-7 tanks) Improvement in dry cleaning dust 
(piecewise) 180-300 (x3-4 tanks) elimination and reliability 
IPA cleaning (batch) 30 or less 
Dry cleaning 
(piecewise) 
Attachment Spacer dispersion Wet dispersion 30 or less (x2 stages) Improvement of dry dispersion method 
(piecewise) 30 or less mass production reliability 
Dry dispersion Creation of small size (3-5 inch) 
(piecewise) spacerless panels 
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Current State and Future Problems in LCD Cell Assembly Processes (Continued) 
Process Current State Future Problems 
Seal forming Screen printing 30 or less!)30-120 High-speed, stable plotting for dispenser 
i i (2 head) (target: 80-100mm/sec) 
Dispenser (piecewise) 
Sealing Automatic attachment 60 or less (x2 stages) Improvement of attachment equipment 
(piecewise) Approx. | precision (target: +/-1ym or less) 
Gap formation (x2 stages Throughput improvement (development 
(piecewise) of thermal hardening seal material that 
Sintering gels rapidly) 
(seal hardening) Development of seal material that 
(piecewise or batch) completely hardens rapidly and can be 
moved in a closed system 
Future development of highly reliable 
UV hardened seal material (move from 
thermally hardened seals to UV 
hardened seals) 
Implantation/sealing Panel partitioning Glass scriber 3) Automation, line rationalization 
Breaking machine Improvement of partitioning reliability 
with increased size and multiple panels 
Liquid crystal 4) Automation, line rationalization 
implantation Reduction of implantation time, effect 
use of liquid crystals 
Inlet sealing UV resin curing 30 or less Automation, line rationalization 
(small panels) 

















Note: Processing time in the table is equipment tact time. To <alculate lead time, connections between equipment must be considered along with 


number of cleaning tanks and number of equipment stages. 


1) Changes with plotting size and number of panels (plotting speed: 50-70mm/sec) 
2) Changes with the hardening characteristics of the seal material (roughly 3-5 hours/cycle including heating and cooling) 


3) Changes with number of panels. 4) Changes with implantation conditions. 





The individual systems are just about complete. The rest 
depends on selection of reliable equipment and how to 
make it user-friendly, inclusive of the problem of con- 
nections between systems. In addition, automation is 
possible all the way through the sealing process. How- 
ever, automation and rationalization is slow in the 
processes from panel partitioning on, and this can be 
said to be an important problem for the future. It is 
necessary to work on the development of equipment 
jointly with equipment makers. 


Conclusion 


At this company, we have completed the second gener- 
ation facilities investment. The basic concept is making 
the equipment in-line (rationalization and making it 
dustless) and improving productivity, but in addition, 
we have placed importance on rapid start-up and long- 
term stable production. By the way, the creation of an 
in-line system stops at the sealing process in this invest- 
ment. This is because, at present, we have determined 
that people are still faster, more accurate and less expen- 
sive in the partitioning/implantation/inlet sealing pro- 
cesses that follow. However, in the near future it is 


certain that we will complete automated lines in corre- 
spondence with investments. We would like to realize 
this in the next generation. 
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Abstract 


Optical interconnection is of great interest in over- 
coming bottlenecks in electrical interconnection in high- 
speed communication and information processing 
equipment. An optical interconnection using array 
optical devices (LED and PD arrays) and ribbon optical 
fiber arrays (optical parallel interface) is the most prac- 
tical and promising among various optical interconnec- 
tion technologies. This paper first discusses the required 
specifications of the optical parallel interface, focusing 
on the broadband switching system applications. Then, 
the design and fabrication of an optical parallel interface 
using 12-channel monolithic arrays of 1.3 jm wave- 
length LED and PD (array optical devices), and G162.5 
ribbon optical fibers are reported. The developed optical 
parallel interface has small dimensions (57mm_.x 65mm 
x 7mm) and transmission capability of 200 Mbps/ch 
signals over a 100 m distance. 


1. Introduction 


Optical interconnection!) is of great interest in over- 
coming bottlenecks in electrical interconnection in high- 
speed communication and information processing 
equipment such as B-ISDN switching systems and super- 
computers. Among various optical interconnection tech- 
nologies, an optical interconnection using array optical 
devices (LED and PD arrays) and ribbon optical fiber 
arrays—an optical parallel interface—for card-cage to 
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card-cage or board-to-board interconnection is the most 
practical and promising.'?-7! 


This paper first discusses the application of optical 
parallel interfaces to the B-ISDN switching system. The 
design and fabrication of an optical parallel interface, 
using 12-channel monolithic arrays of 1.3 ym wave- 
length LED and PD (array optical devices), and ribbon 
optical fibers, is then reported. 


2. Optical Parallel Interface in B-ISDN Switching 
Systems 


A switching system should be constructed by using 
economical devices and mounting technology. In this 
respect, conventional switching systems process data 
using 8/16-bit parallel format, enploying inexpensive 
and highly integrated CMOS-LSIs. ‘Vhile the CMOS-LSI 
operation speed has been increased with fine process 
technology development, it is appropriate to limit the 
signal speed to about 300 Mbps, considering the cost of 
packaging cases for CMOS-LSIs and the cross-talk 
between wires on PWB. Therefore, optical parallel inter- 
faces for several hundred Mbps/ch signals are required in 
a B-ISDN switching system. 


A B-ISDN switching system can be divided into three 
parts; a subscriber line system, a speech path system, and 
a control system, as shown in Figure 1. 


A sub-highway interface between the subscriber line 
interface unit and the switching unit, and a junctor- 
highway interface between the switching units are pos- 
sible areas for applying the optical parallel interface. In 
addition, CPU buses between multiple subscriber line 
interfaces and a control processor, shown in Figure 2, are 
another possible area for future application of optical 
parallel interfaces. 


The requirements for these applications are summarized 
in Tables I and II. Both applications will require the 
transmission of about 200 Mbps/ch signals up to 100 m 
distance. Except for CPU bus (future), 12 parallel chan- 
nels are required to transmit 8-bit signals, together with 
clock, synchronizing, and other control signals. 





Table I. Common Specifications of Optical Parallel Interfaces 





Number of parallel channels 


12 





Transmission distance 


Up to 100 m (standard) 
Up to | km (special specification) 














Power supply -5.2V single (+5V allowed) 
Electric interface ECL (offset ECL at +5V) 
Ambient temperature 0 to 70°C 
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Figure 1. A B-ISDN Switching System Configuration 








Table II. Individual Specifications for Each Application 









































Specification Seb-Highway Interface Junctor-Highway laterface CPU Bas (Future) 
Channel 
Data 8 ch 8 ch x vn bit 8 ch (150 Mbps) 
Clock Ich 1 ch 
Synchronizing signal I ch I ch 
Control signal 2 ch 2ch m'ch 
Address - : 12 ch (150 Mbps) 
V/O read/write - - Ich 
Bus throughput - - Up to 1.2 Gbps (155 Mbps) 
2 pairs of array modules are used 
Transmission bandwidth Up to 622 Mbps 2.4-10 Gbps - 
Effective transmission rate 80 Mbps x 8 bit 155 Mbps x 8 bit x m module Up to 155 Mbps x 8 bit 
Transmission distance Up to 100 m Up to 100 m Up to 100 m (50 m x 2) 
Number of ports . - 24 ch x m ports 
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Subscriber line interface unit which includes 
the processor in Fig. | 


rm. Number of star coupler array's ports 
Figure 2. Possible Application Area of Optical Paraliel Interface—CPU Buses Between Multiple Subscriber Line 
Interfaces and a Control Processor 





An optical parallel interface using |2-channel monolithic 
arrays of 1.3 pm wavelength surface-emitting LED and 
PIN-PD has been developed for the B-ISDN switching 
system application. An LED was selected as the light 
source because of its temperature stability, reliability, 
and manufacturing yield. 


On the other hand, the CPU bus application, shown in 
Figure 2, would require a higher optical output power for 
the transmitter. In addition, some applications may 
require high-speed operation exceeding 1 Gbps/ch. For 
such application, use of an LD array would be preferable. 
In this case, developing highly reliable LD arrays with 
low threshold current and high manufacturing yield is a 
key issue. 


A block diagram of the developed optical parallel inter- 
face is depicted in Figure 3. The transmitter and receiver 
modules consisted of array optical devices coupled with 
G162.5 ribbon fibers 2s well as driver/amplifier LSIs to 
achieve a complete ECL I/O interface. 


3.2 Devices 


The element of LED array was the 1.3 ym Zn-doped 
mesa-structure LED.'*! An optical fiber coupling power 
as high as -21 dBm was obtained with a low driving 


current of 20 mA, due to effective current confinement 
with mesa-structure. The PD array was an isolated type 
InGaAs/InP PIN-PD array, grown on a semi-insulating 
InP substrate.) Array optical devices—12-channel 
monolithic arrays of LED and PD—were fixed to the 
sub-mount by a flip-chip solder bump technology.'?! 


The LSIs have been developed as the LED driver and the 
receiver main amplifier. Layouts of developed LSIs are 
cepicted in Figure 4. Each LSI accommodates 12- 
channel circuits, eliminating inter-circuit skew. Simpli- 
fying and optimizing the circuitry account for the low 
power consumption of 300 mW or less per channel for 
both transmission and reception. 


3.3 Packaging Structure 


All of the optical (LED and PD arrays) and electrical 
(LED driver, pre- and main-amplifiers) elements are 
mounted in a transmitter/receiver module. For receiver 
front-end, discrete trans-impedance type amplifier ICs 
were employed. To mount these electrical elements, 12 
layers of alumina ceramic substrate is selected for the 
circuit board of the module because of its high thermal 
conductivity. LED and PD arra arrays are installed to the 
submount using bump soldering.'”! Ribbon optical fibers 
are firmly attached to the package using YAG laser 
welding. Internal structure of module is shown in Figure 
5. Its shape is made thin by separating the optical 
element sub-mount from the electronic circuit board. 
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Figure 5. Internal Structure of Module 








The external appearances of the developed transmitter 
and receiver modules in a printed wiring board can be 
seen in Figure 6. Two pairs of transmitter and receiver 





modules are mounted in a printed wiring board with the 
developed optical array connectors. The module dimen- 
sions were 57mm(W) x 65mm(L) x 7mm(H) (26 cc). 
Total power consumption of about 3.5W for both trans- 


mission and reception have been achieved, which are Figure 6. External Appearances of the Developed 
considerably lower than that for the single-core optical Transmitter and Receiver Modules in a PWB of an 
interface with the equivalent transmission capacity (200 ATM Switching System 


Mbps x 12 ch = 2.4 Gbps). 
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3.4 Medule Performance 


Modulated output waveform of the LED module is shown 
in Figure 7. Rise and fall times were 1.1 ns and 1.1 ns, 
respectively, which are enough for transmissions over 200 
Mbps/ch. Minimum fiber output power is to be -21 dBm of 
mean optical power, shown in Figure 8, and its deviation 
among 12 channels is less than | dB. Output power 
variation due to the temperature condition is less than -0.3 
dB for the temperature range from 25°C to 70°C. Narrow 
output power variation was achieved by utilizing the LED 
array and the driver LSI. The skew characteristics of the 
output signals are shown in Figure 9, and its deviation 
among 12 channels is less than 250 psec. 






















































































V: 5eW/div H: | ns/div 
Data 2” — | pseudorandom (200 Mbps) 
Figure 7. Modulated Output Waveform of the LED 
Module 

















200 Mbps/ch (NRZ) 
2” — | pseudorandom pettern 
Figure 8. Output Optical Power of the Transmitter 
Module 
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Received waveform is shown in Figure 10. Rise and fall 
times are 1.2 ns and 0.9 ns, respectively. Clear eye 
opening is observed at the bit rate of 200 Mbps. The 
Bit-Error-Rate (BER) characteristics as a function of 
mean received optical power are shown in Figure 11. The 
receiver sensitivity defined at a BER of 10° is better 
than -29 dBm for 200 Mbps single channel operation 
condition, and its deviation among 12 channels is about 
3 dB. Receiver sensitivity variation due to the tempera- 
ture condition is less than -1.1 dB for the temperature 
range from 25°C to 70°C. The skew characteristics of the 
Output signals are shown in Figure 12, and its deviation 
among 12 channels is less than 450 ps. 














Number of Channets 


200 Mbps/ch (NRZ) 
2?” — | peeudorandom psttern 


Figure 9. Skew Characteristics of the Owtput Signals in 
the Transmitter Module 
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Figure 10. Received Waveform of Receiver Module 
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Figure 11. BER Characteristics as a Function of Mean 
Received Optical Power 
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Figure 12. Skew Characteristics of the Output Signals 
in the Transmitter Module 





Since the transmitting optical power of the transmitter 
module is approximately -21 dBm, a sufficient margin of 
about 8 dB is realized between transmission and recep- 
tion. Although the bit parallel transmission distance was 
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limited by the G162.5 ribbon optical fiber skew, 100 m 
transmission was still possible for 200 Mbps/ch signal.'*) 
Since a power margin exceeding 8 dB is realized between 
transmitter and receiver, several km transmission and 
higher is possible in the case of independent signal 
transmission in each channel. 


4. Application 


The transmitter/receiver modules have been applied to a 
junctor-highway interface and a sub-highway interface in 
a prototype of an ATM switching system. The junctor- 
highway interface card to which the transmitter/receiver 
modules are applied is shown in Figure 6. 


5. Conclusion 


Application of optical parallel interfaces to the B-ISDN 
switching system has been discussed. The 12-channel 
optical parallel interface employing monolithic LED/PD 
arrays has been developed and a 200 Mbps/ch over 100 
m transmission has been demonstrated. 
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Abstract 


This paper describes an expert system for planning a 
cost-effective private network. The network design pro- 
cess is divided into five phases, each of which uses 
automatic network design module, display/modification 
editor, and two types of entry points. This allows the 
operator to modify any phase result whenever it is 
necessary, and to continue the process. For the auto- 
matic network design module an algorithm is proposed 
that allows us to use the existing network information, to 
support multi-pattern network operation or to plan an 
intra-site with multiple multiplexers (MU Xs). To make 
the communications between the expert system and the 
network operator easier, some graphic functions are 
introduced in the user interface. This allows for efficient 
monitoring of the automatic design results and updating 
them when they are unsatisfactory for the operator. 


1. Introduction 


Recently, many companies have been establishing their 
own private networks with multiplexers (MUXs) and 
high-speed digital leased lines. When the high-speed 
digital line services started, a common problem for 
private network planning was how to replace a private 
network composed of low-speed analog line services.!') 
Currently, many private networks are being recon- 
structed for their extension because required data traffic 
is growing. 

A prototype of private network expert planner that uses 
the knowledge-based approach for computer-aided 
design was presented by the authors in Refs. [2] and [3]. 
It was developed under the conditions that (1) a network 
is designed as a new one and the preplanned routes 
cannot be changed during its operation (although, any 
route can be changed by reconfiguring MUXs), (2) the 
knowledge-based approach is used (however, it provides 
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limited information only), and (3) primitive user inter- 
face functions can be performed. The performance of 
that planner was being improved by the authors in their 
papers.'*-©! This paper summarizes the results of working 
on the problem and describes an enhanced version of the 
private network planner for practical implementation at 
NEC. 


This paper is organized as follows. Section 2 specifies the 
steps in planning a cost-effective private network. Sec- 
tion 3 presents the expert system architecture, while 
Section 4 describes the automatic network design 
module. Considerations on the user interface are offered 
in Section 5. Finally, some concluding remarks are given 
in Section 6. 


2. Design Phase Flow 


The private network design presented here basically uses 
the concepts presented in [7]. In particular, the physical- 
network planning method is implemented while the 
logical-network planning result is assumed here as an 
input data. The design process comprises, as depicted in 
Figure 1, five phases in the following order. 


Phase 1: Inter-site network design—Network topology, 
path routes, transmission speed, and a link cost 
are computed. 


Phase 2: Intra-site network design—Depending on the 
previous phase result, this network topology 
and path routes are computed, and transmis- 
sion equipment is selected according to the 
minimum cost condition. 


Phase 3: Equipment configuration specification— 
Depending on the previous phase result, every 
MUxX is designed in such a way as to minimize 
the total equipment cost. 


Phase 4: Time-slot assignment—With regard to the pre- 
vious phase result, the link configuration of 
how to use the time-slots in links is deter- 
mined for each additional path. 


Phase 5: Surveillance network design—The subnet- 
works, which are managed for themselves, are 
determined in the network designed in 
previous phases. 


The planning process goes through the above five phases 
from network-wide design problems to detailed design 
problems. Each of these phases uses an automatic net- 
work design module, display/modification editor and 
two entry points. The automatic network design module, 
using existing network information, provides a cost- 
effective network for the input data assumed. This result, 
called here an interim design result, is stored in a 
Network planning Database (N-DB) and it can be 
observed by the operator. If this result does not satisfy 
the operator, the process is interrupted and the operator 
can then select the two following methods. One is that 
after updating the input data for the automatic network 
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Figure 1. Design Flow 





design module, it is continued from the beginning of this 
phase. The other is that the operator directly edits the 
result. To perform this function of the design process, 
two types of entry points are used. 


The entry points, called here entry point A and entry 
point B, are placed at the end of each phase. The point A 
is placed just after the automatic network design sub- 
module and stores its result. Before the last phase is 
executed, the operator can select whether or not a 
breakpoint is set to stop the design phase flow. The point 
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B is placed at the end of each design phase. If the 
breakpoint is set and then an interim result is modified, 
the modified result is saved at that point. Otherwise, the 
same result as that stored at A is saved at B. 


3. System Configuration 


The expert system for planning private networks, 
depicted in Figure 2, is composed of 


Automatic network design module, 
User interface, 

Network database, and 

Auxiliary function module. 


The automatic network design module, in order to 
reduce the computational complexity, is divided into 
five submodules which are described in Section 4. 


The user interface enables easy communications 
between the system and the operator in order to prepare 
input data, present design results and make interactive 
decisions. The user interface functions are described in 
Section 5. 


The network Database (DB) contains Network planning 
Database (N-DB) and Network planning Knowledge- 
Base (N-KB). The former stores input data (prepared by 
the input data editor), the five interim design results, and 
the final design result. The latter contains the tariff data 
of both New Common Carriers (NCCs) and NTT 
(Nippon Telegraph & Telephone Corp.) and two types of 
network knowledge. One is the network planning knowl- 
edge, the second is the knowledge including equipment 
selection criteria and the set of possible equipment 
configurations. 


The auxiliary function module is composed of three 
application submodules which can access both N-DB 
and N-KB. The output submodule prints out or displays 
the final design results in a text format. The DB man- 
agement submodule is used for making/restoring N-DB 
backups, modifying N-KB, and maintaining them. 
Finally, the existing network data creation submodule 
collects information about the existing network. 


The expert system is implemented in a workstation 
environment under the conditions specified in Table I. 

















Table I. Implementation Environment 
Machine NEC EWS4800 (CISC/RISC) 
Language C, C++ 
Window system X Window* R4 
Tool-kit 
Database UNIFY** 
HLI, SQL 








* X Window is a registered trademark of MIT. 





** UNIFY is a registered trademark of Unify Corporation. 
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4. Automatic Network Design Module 


The automatic network design module is used to plan a 
cost-effective network on the basis of data prepared by 
the input data editor and the existing network informa- 
tion. The functions defined for this module are the 
following. 


Introducing multi-pattern for network operations 
Planning configuration of MUXs in a site 

Using the existing network resources 

Applying the knowledge-based approach 


The term “multi-pattern for network operations” means 
that a network is able to support any path rerouting by 
changing the cross-connection configuration of MUXs. 
In general, three needs for a path rerouting can be 
considered. 


(1) After a network element failure occurs, the affected 
paths should be restored one-by-one according to 
their priorities; for this purpose, detours are pre- 
planned in the inter-site network. 


(2) To use the network resources efficiently, the leased 
lines may be used, e.g., for voice transmission during 
the daytime and for data transmission during the 
nighttime. 


(3) If one of the on-demand services, such as video 
conference, is requested, the high-speed transmis- 
sion paths should be provided for, usually, short 
periods of time. 


As mentioned earlier, this module can be applied for 
designing a new network or for updating the existing 
network. In the former case, the input data include site 
locations and path demands between any two sites; as 
the final result, a cost-effective network is designed. In 
the latter case, the input data contain all information of 


the former case and, in addition, the existing network 
information; thus, the planning process is performed 
under the condition that the current network resource 
configuration should be utilized as much as possible 
while it cannot be changed. In both cases, the output data 
include network topology, path routing, link transmis- 
sion speed, MUX configuration, time-slot assignment, 
and surveillance subnetwork specification. 


The automatic network design module is composed of 
five submodules which correspond to the five phases 
determined (in Section 2) for the design process. These 
submodules are now described in more detail. 


4.1 Inter-Site Network Design Submodule 
The input data for this submodule include 


1. Site location, i.e., every city name, the long-distance 
area code, and a two-dimensional location number 
corresponding to the area code, 


2. Demands for additional paths connecting any two 
sites, and 


3. Existing network information related to any path 
route and any link transmission speed as well as 
related to those parts of links which can be used for 
accommodating additional paths. 


As a result (see Figure 3), this submodule determines an 
inter-site network topology, path routing, link transmis- 
sion speed and calculates a link cost. In the planning, the 
two following options are assumed. 


1. Since a link cost is expressed by the monthly charge 
paid to communication carriers for using all inter-site 
connections, the preplanned (inter-site) network is a 
cost-effective one in the sense that the total link cost 
is minimal. 
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2. If a network resource configuration is assumed to be 
unchangeable, the preplanned network is a cost- 
effective one in the sense that the utilization of both 
the existing path routes and link transmission speeds 
is maximal. 


Introducing multi-patterns to the network operation is 
one advantage in the inter-site network design, but it is 
rather a complex task. To make the planning efficient 
enough, the Path Group (PG) is defined as a bundle of 
additional paths that terminate at the same source- 
destination pair.'*) 


The design phase flow for updating an existing network 
is similar to that for a new network planning, but the 
former requires using a special subroutine that is called 
in planning utilization of the existing network resources. 
Since, in this submodule, the special subroutine (Subrou- 
tine I) is always invoked prior to invoking the common 
subroutine (Subroutine II), first the former and then the 
latter are now described. 


(1) Subroutine I 


1. For any link of the existing network, determine a 
priority number according to the descent order of 
unused capacity. 


2. Select a link of the highest priority. 


3. To each of the unused time-slots in the link, assign 
an additional path. 


4. Repeat step 3 for all remaining links which are 
selected according to their priority numbers. 


Note 1. The order in assigning additional paths is 
determined on the basis of path hop 
count, transmission speed, and required 
times in the multi-patterns. 
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Note 2. For those of the requested additional 
paths which have not been assigned, Sub- 
routine II is implemented. 


(2) Subroutine Il 


1. For any site-pair, set PG as a collection of paths 
terminating at the site-pair. 


2. For each PG, calculate its capacity as being suffi- 
cient for the paths listed in any multi-pattern. 


3. Design an initial network topology such that all 
PGs’ routes can be established in it. 


4. Optimize both the network topology and the PG 
routing in the following way. 


(1) Calculate a link efficiency as the link cost to its 
total link capacity ratio, where a link cost 
derives from the link distance and transmis- 
sion speed, and a total link capacity is the sum 
of capacities of those PGs that share the link. 


(2) Sort all links according to their efficiencies. 
Then select a link of the worst efficiency. All 
other links are regarded as unselected. 


(3) For any of PGs sharing the link, search for 
such an alternate route that allows the reduc- 
tion of the link cost. Then update the PG 
routing and go to step (1). 


(4) If all links have been selected, then stop. 
Otherwise, select the next most inefficient link 
and come back to step (3). 


4.2 Intra-Site Network Design Submodule 


Depending on the inter-site network design result, the 
objective for this submodule is to 


¢ Provide the intra-site network topology, 

¢ Select transmission equipment, and 

¢ Compute routing for those paths which pass through 
or terminate at the site 


while the additional equipment cost is minimized. 


The submodule is characterized by two items. One is to 
design intra-site networks with multiple MUXs in a site. 
The second, related to the case of updating an existing 
network, is to utilize the existing resources as much as 
possible. Thus, as in the case of the inter-site network 
planning, in this case too a special subroutine precedes 
the common subroutine. 


The goal of the special subroutine is to connect all new 
links to unused ports of the MUXs existing in each site. 
Only then, when all new links (terminating at the target 
site) can be connected to the unused ports, are such 
connections established. Otherwise, the common sub- 
routine described below is used to design the connec- 
tions between all new links and new MUX ports. 
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The common subroutine used here is organized as follows. 


1. Collect new links which have to connect the target site 
with any of the other sites. 


2. Form bundles of links such that make it possible to 
minimize the total link capacity required by paths 
which pass through links belonging to the same 
bundle. (Note that the number of links in a bundle 
must be smaller than the maximum number of MUX 


ports.) 


3. Connect all links belonging to a bundle to the ports of 
anew MUX. 


4. Create links to connect an unconnected port of the 
new MUX and another MUX in the target site for 
paths passing through the new MUX, in case there 
on paths whose intra-site route is not estab- 
ished. 


5. Collect those links which do not belong to any bundle 
and collect all links connected with a new MUX in the 
target site. 


6. If all new links have been connected to MUX, then 
stop. Otherwise, continue the procedure from step 2. 


The rules of this subroutine result from the following 
consideration. Consider a certain number of paths 
passing through the target site but not terminating at it. 
Those of them having two links in the same bundle are 
relayed by only one MUX. On the other hand, such paths 
that pass through links belonging to different bundles 
require multiple MUXs in the target site. Thus, in cases 
when none of the MUXs (of the target site) can be 
connected to each other by the existing intra-site links, 
new links are requested. Another reason for creating 
bundles is to minimize the number of new links within a 
site because the smaller number of links results in a 
smaller number of additional MUXs and thus the equip- 
ment cost can be minimized. 


An example of intra-site network configuration, com- 
prising seven 8-port MUXs, is shown in Figure 4; dotted 
circles indicate the preplanned link bundles. At first, 23 
inter-site links were collected by four bundles first 
(denoted by (d), (e), (f) and (g)) and, to connect them, 
four new MUXs (MUX D, MUX E, MUX F and MUX 
G) were created. Next, for these MUXs, the intra-site 
links necessary to connect them were established. Then, 
for the links of bundles (b) and (c), MUX B and MUX C 
were created. As a result, the intra-site links had to be 
designed again. Finally, the links were collected in 
bundle (a), for which a new MUX, i.e., MUX A, was 
created. 


4.3 Equipment Configuration Submodule 


The submodule is used to design a MUX configuration 
for the intra-site network preplanned in the previous 
phase (Section 4.2). Through an appropriate selection of 
cards, shelves and racks, and a design of their positions 
and connections among them, the total cost, weight and 
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power consumption of an equipment configuration 
should be minimized. In the MUX configuration plan- 
ning, the information stored at N-KB is used. Apart from 
cost, weight or power consumption specifications for 
cards, shelves or racks, the information also includes 
several design instructions. The most important of these 
are listed in Table II. 





Table II. Contents of the Knowledge Base 























Rule Design Problem Conditions 
A Choice of cards Compatibility of paths and links 
B Position of cards Compatibility of cards and shelves 
Cc Choice of shelves Compatibility of cards and shelves 
D Position of shelves Compatibility of shelves and racks 
E Choice of racks Maximum capacity of a rack 
F Calculation cost The unit cost of a card, 

a shelf and a rack 











The steps in planning a MUX configuration are as 
follows. 


1. Extract both the additional paths and new links which 
terminate at the target MUX. 


2. Remove those parts which were used by the earlier 
removed unnecessary paths. 


3. For both paths and links extracted in step 1, select, 
according to the rule A given in Table II, cards to 
terminate them. 


4. Assign card ports to both the paths and the links. 


5. To support new cards, according to the rules B and C, 
select shelves. 


6. If, in supporting new cards, any space in the existing 
shelves is found, set a card in the space. Otherwise, set 
a card in new shelves. 
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Figure 5. Example of an Equipment Configuration Result 





7. To support new shelves, select racks, according to 
rules D and E. 


8. If, in supporting new shelves, any space in the existing 
racks is found, set a shelf in the space. Otherwise, set 
a shelf in new rack(s). 


9. Calculate, according to rule F, the cost of both new 
parts and new MUXs. 


Figure 5 depicts an example equipment configuration 
planning result. 


4.4 Time-Slot Assignment Submodule 


By using the results of planning both the inter-site 
network and the intra-site network, this submodule 
assigns a Time-Slot (TS) to those of additional paths that 
pass through the target link. In the assigning, link trans- 
mission speed should be minimized. 


TS is a time position into which a link transmission 
speed is divided by 64 kbps. Paths of transmission speed 
equal to 48 kbps or of higher transmission speed are 
assigned to a single TS or to some TSs. Paths of trans- 
mission speed lower than 48 kbps are assigned to a 
Multi-Frame (MF) whose TS is diviced by 3.2 kbps. 


This submodule releases those PGs which have been 
already defined in the inter-site network design phase. 
Then it assigns each additional path to TSs or MFs. The 
order in the assigning is based on path transmission 
speed. Figure 6 shows the difference between this result 
and that achieved by placing, without compaction, PGs 
according to their number. It can be seen that the 
method used by this submodule reduces path assignment 
redundancy in PGs, and thus it becomes possible to 
reduce the number of both TSs and MFs sufficiently to 
allow the assigning of additional paths. Furthermore, in 
some cases, a lower class of transmission speed for some 
links can be set. 
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4.5 Surveillance Network Design Submodule 


With regard to the previous phase result, this submodule 
designs surveillance subnetworks. Any of the subnetworks 
is a certain part of the total network and it is managed by 
a network management console. For each subnetwork, the 
central site is determined and a console is dedicated. As a 
result, MUX attributes and parameters required for the 
network surveillance functions are specified. 


5. User Interface 


The user interface consists of 
¢ Input data editor 


and five display/modification editors, i.e., 


Inter-site network configuration editor, 
Intra-site network configuration editor, 
Equipment configuration editor, 
Time-slot assignment editor, 

Surveillance network configuration editor 


which correspond to the phases of network planning. 
Each of the editors operates with a keyboard for graphic 
presentation of the stored data (such as interim network 
design) and a mouse device. 
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5.1 Input Data Editor 


With the input data editor, the operator can prepare 
input data, such as sites and additional paths, necessary 
for automatic network design modules. This editor is 
invoked before the time of other design modules. The 
editor deals with three input items to create a network 
information. One is to create common information to 
design a network. Another is to create the information of 
an existing network which is in operation. And finally, 
the other is to create information of an augmentative 
network, which is mainly additional path demand. 


This editor provides two methods to obtain the existing 
network information, as follows: 


e The editor invokes an existing network data creation 
submodule in the auxiliary function module. The 
submodule determines the existing network informa- 
tion from another network design result. 

e The operator inputs the information with mouse and 
keyboard devices. 


The input functions for the editor are characterized by 
the following two points: 


* Incase this editor finds candidates which the operator 
should input, the editor displays the candidate list. 
The operator can simply input data by choosing the 
list. 

¢ Using cut-and-paste function with a mouse device, it 
is possible to easily input many additional paths, 
whose attributes are almost the same. 


5.2 Display/Modification Editors 


Introducing display/modification editors allows the 
operator to monitor each phase of the process (the 
display function) and to modify its result (the modifica- 
tion function) whenever necessary. Examples of such a 
presentation are shown in Photos | and 2. Both func- 
tions are performed by easy manipulation (with a mouse 
device) of the network objects (like, e.g., sites, links or 
MUXs) displayed on a graphical monitor screen. Apart 
from a network reconfiguration, the operator can also 
modify and retrieve attributes of network objects based 
on a text-oriented operation (i.e., objects represented by 
individual tables can be linked with objects represented 
by graphical windows). 


A site list window is displayed on the root window in 
Photo !. The site chosen on the site list window is 
indicated on the root window with emphasis. A path list 
window shows the list for paths which pass through or 
are terminated in the site chosen by an operator’s click in 
Photo 2. The route for the path chosen on the path list 
window is indicated on the root window with emphasis. 
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6. Conclusion 


This paper has described the design flow, the system 
configuration, the automatic network design methods, 
and the user interface for this network design system. In 
order to make the former network design system practi- 
cable, the authors achieved the following functional 
enhancement. 
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At first, the network design problem was divided into 
five phases, each of which has an automatic design 
module, display/modification editor, and two kinds of 
entry points. It became possible for the operator to 
modify automatic design submodule outputs on every 
phase. 


Then, the algorithm used by the automatic network 
design module was improved in the four main points: 1) 
to utilize an existing network resource; 2) to support 
multi-patterns for network operation; 3) to design intra- 
sites with multiple MUXs; 4)to upgrade the knowledge- 
base so as to make it usable in practice in the equipment 
design by addition of new detailed knowledge. 


Finally, there were graphical editing functions in the user 
interface to modify automatic design results efficiently. 
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NTT Begins Phase 2 of VI&P Comprehensive 
Experiments 


43070113A Tokyo NTT REVIEW in English 
Jan 94 pp 14-19 


[Article by Hiroyuki Kasai, executive research engineer, 
and Yoshihiro Jimbo, senior research engineer, super- 
visor, both of VI&P Test Promoting Section, R&D 
Headquarters, NTT; and Mitsuru Miyauchi, senior 
research engineer, supervisor, group leader, Network 
Integration Laboratory, Telecommunication Networks 
Laboratories, NTT: “NTT Begins Phase 2 of VI&P 
Comprehensive Experiments for Enhanced Multimedia 
Services Toward the 21st Century”] 


[FBIS Transcribed Text] N77 Laboratories are carrying 
out VI&P (Visual, Intelligent and Personal communica- 
tions service) experiments aimed at attaining NTT’s 21st 
century service vision, by comprehensive verification and 
technological evaluation of service systems as well as 
network facilities. NTT’s phase/experiments, which were 
initiated in April 1991, focused on narrow-band ISDN 
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services for the purpose of optimizing the use of its 
existing INS-Net and prototype fiber-optic subscriber 
transmission system.' 


Phase II experiments focused on “perfecting new services 
and creating new applications based on fiber-optic com- 
munications”’ were begun. 


1. System Configuration of VI&P Experiments 

There are two main areas being studied in the Phase II 
experiments (Figs. | and 2). One is “sophisticated multi- 
media services.” The experiments are being conducted 
with a fiber-optic subscriber transmission system that 
connects NTT’s Yokosuka R&D center and a test home 
located about 4km away. New services installed in the test 
home are being evaluated in an environment that closely 
simulates actual home and home-based office conditions, 
and experiments on issues such as the indoor and outdoor 
installation of fiber-optic cabling are also being conducted. 
The other is “high-speed computer communications.” 
Experiments in this area are being conducted via an ATM 
(asynchronous transfer mode) link system connecting 
NTT’s Yokosuka and Musashino R&D Centers, which are 
about 100km apart. These experiments mainly target busi- 
ness and academic applications. 
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Figure 1. System Configuration of VI&P Experiments 
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Figure 2. Transmission Route for VI&P Comprehensive Experiments 





2. Sophisticated Multimedia Services 


2.1 Service Experiments Using Superhigh Definition 
Images 


This experiment tests services that use superhigh defini- 
tion images (SHD images).? Because SHD images fea- 
ture resolution equal to or greater than that of 35mm 
film and has data capacity over four times greater than 
[that] of a HDTV image, it is possible to read an article 
from an electronic newspaper even when it is displayed 
at actual size (Fig. 3 [not reproduced]). New applications 
using this level of resolution are being evaluated. The 
applications include electronic newspaper transmission 
and remote medical diagnosis, which involves the trans- 
mission of photomicrographs of cellular tissue or X-ray 
data to specialists at different locations. In addition to its 
high resolution, SHD images feature brightness and 
colors that are close to human vision and equal to prints. 
They are being used as image data communications 
platforms for visual media that can be utilized in com- 
munications, broadcasting, publishing, medical and 
other media (Fig. 4). 


2.2 Experiments Involving Simultaneous Use of 
Multiple Services 

This experiment involves systems employing fiber-optic 
subscriber communications that makes it possible to 
simultaneously use a number of different media. Test of 
telecommunication services for home use are underway 
at the test home involving the simultaneous use of a 
visual telephone, personal computer and TV image from 
up to 60 channels, all carried over a single optical fiber 
(Figs. 5 and 6 [Fig. 6 not reproduced)]). 


These data and images are transmitted via a narrow- 
band digital fiber-optic subscriber system (System-N) 
and a frequency division multiplex fiber-optic subscriber 
system (System-V). System-N, based on a wavelength of 
1.3 pm, transports narrowband bi-directional signals up 
to 1.5 Mb/s for each customer, and System-V, based on 
a wavelength of 1.55 ym, distributes subcarrier multi- 
plexed FDM-TV images, including HDTV. These sys- 
tems are combined with WDM (wavelength division 
multiplexing). In System-N, customer service orders, 
such as increasing or decreasing the number of 64 kb/s 
channels, are performed rapidly by remote-control of the 
subscriber network from NTT offices. 
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Figure 4. SHD (Superhigh Definition) Image Applications 





















































Figure 5. Multiple Services Achieved Through a Fiber-Optic Subscriber Network Providing Both Communications 
and Broadcasting 
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High-Speed Computer Communications 


ee ee Saas 


To ensure the most efficient use of computer communi- 
cations, it is becoming increasingly important to connect 
distributed computer systems through high-speed net- 
works to enable parallel processing and computing. In 
this experiment, FDDI-LANs, installed at both R&D 
centers, are connected with an ATM transmission 
system that uses a high-speed, 2.4 Gb/s optical transmis- 
sion line. The results of data processed by a supercom- 
puter connected to the FDDI-LAN at the Musashino 
R&D Center are transmitted to the Yokosuka R&D 
Center and displayed on a monitor (Figs. 7 and 8 [not 
reproduced]). The FDDI-LAN with adapters is used to 
connect the ATM network and computer interfaces. A 
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maximum of 45 Mb/s transmission speed has been 
obtained for computer-to-computer communications 
through the network. 


3.2 High-Speed LAN Experiment‘ 

NTT is evaluating the performance of a personal com- 
puter-based multipoint desktop videoconferencing 
system as a service iting the multimedia capacities 
and multipoint features of ATM-LANs by means of a 
150 Mb/s ATM interface (Fig. 9 [not reproduced]). An 
interconnection between ATM-LANs provides expan- 
sion of the communication area. This ATM-LAN is also 
equipped with Ethernet and ISDN interfaces. To exper- 
iment on the 
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Conclusion 


The Musashino R&D Center is currently moving ahead 
with an experiment on connecting ATM nodes with 
ATM links designed for the construction of ATM public 
networks. We plan to examine the functionality of the 
ATM public network by installing the ATM node in 
VI&P experimental network system. 


We also plan a variety of application experiments based on 
public networks including fiber-optics subscriber network. 
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Makino, vice president, Technology Research Department, 





NTT: “Future Prospects for Telecommunications Networks 
Networks To Carry New Services” 


[FBIS Transcribed Text] Telecommunications networks 
are gradually and dramatically changing. The move is 
away from phone-based networks and toward new types of 
networks which enable multimedia and other innovative 
services to be provided. This paper describes the types of 
new services which are appearing and observes corre- 
sponding trends in new network construction. 


Demand for New Telecommunications Services 


Telecommunications services must respond to a wide 
range of demands—from the desire to be able to com- 
municate with people over long distances (the “human” 
element), to the improvement of business operations. In 
response to such demands as these, those who came 
before us provided predominantly telephone-based ser- 
vices. The telephone has become an indispensable means 
of communication in our modern society. 

Recent trends in society show an unprecedented tide of 
change which marks the beginning of a new age. Society 
is becoming increasingly “globalized,” environmental 
problems are attracting concern, and the trend is toward 
more stable levels of growth. People are placing 
increasing importance on mental and emotional factors, 
rather than material possessions, and information is 
taking on a vital role in our society. What character 
should telecommunications take on in the coming age? 
What telecommunication techniques and services 
should we provide? When considering the future of 
telecommunications networks, it is vital to take into 
account the demands of this new age and the needs of 
our future customers. 
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With digitization of all its switches—a process which will 
be complete by the end of 1997—all traffic on NTT’s 
domesi.c switched network will be transported digitally 
at base channel speeds of 64 kilobits per second (kb/s). 
For the time being, NTT must focus its efforts primarily 
on developing tangible customer applications for Nar- 
rowband ISDN (N-ISDN). There is also demand for the 
development of Visual, Intelligent and Personal (VI&P) 
services to prepare for the information-intensive society 
of the coming century. 


Interest in new services is evidenced by the rapid growth 
in INS networks. The best indicator is the brisk demand 
for NTT’s INS-Net 64 and INS-Net 1500 (both N-ISDN) 
services (Fig. 1). At the end of November 1993, 200,000 
INS-Net 64 and 4,000 INS-Net 1500 lines were in 
service. These lines are being put to a diverse range of 
uses in a cross-section of markets and industries. In 
addition to the conventional applications of voice, data 
and facsimile traffic, more sophisticated still-image 
transport and video-conference applications are also 
becoming increasingly common.“’? 


One particularly interesting phenomenon in usage is that 
ISDN is now used to move more data traffic than audio 
or facsimile traffic. Judging from the growth rates we 
have experienced so far, it seems likely that subscriptions 
will continue to increase and new applications for this 
technology will steadily emerge. 


Services of the Future 


In recent years, there have been striking changes to the 
environment in which telecommunications operate (Fig. 
2). A global trend has seen computer data transmission, 
multimedia and interactive video emerge as the three 
major areas of demand for telecommunications services. 
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By continuing to produce new services in response to this 
trend, ideas behind VI&P will be made a reality. 


2.1 Computer Communication 


Remarkable progress has been made in computer tech- 
nology. In Japan, more than 3 million computers 
(including personal computers) are produced domesti- 
cally each year. In recent years, there has been a major 
move toward the sophisticated linking of these com- 
puters through a telecommunications network, enabling 
what is known as computer communication. In the past, 
this predominantly involved transmission between a 
general purpose computer and a terminal. However, 
with an improvement in the functions of personal com- 
puters and workstations, the aim is now to establish 
company networks by first linking these individual com- 
puters and workstations with LAN (local area network) 
and then setting up LAN-to-LAN connections over a 
wide area. 


The first such service to be offered was the Frame Relay 
service. In response to the demand for increasingly 
sophisticated computer communications, this was fol- 
lowed by the development of the ATM (Asynchronous 
Transfer Mode) service which will be discussed later in 
this paper. 


Technology for computer communications is becoming 
more sophisticated not only in terms of speed, but also 
function (Fig. 3). As can be seen in Electronic Mail, 
advanced telecommunications protocol makes it pos- 
sible to provide a wide range of functions, including 
electronic invoicing and banking. 
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Figure 1. Increase in Number of N-ISDN Circuits 
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Figure 2. Changes in the Environment in Which Telecommunications Operate 
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Figure 3. Development in Computer Communications 
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2.2 Multimedia Conference Services 


Competition is fierce in the development of personal 
computers and other equipment with multimedia 
capacity. Multimedia technology enables not only data, 
but also different media, including sound and still and 
moving images, to be manipulated at the same time 
through a single terminal. In the context of telecommu- 
nications networks, there is also a need for technology 
which will enable a single circuit to handle various types 
of media traffic. 


The first multimedia service to be targeted is a multi- 
point multimedia conference system which enables 
desktop computers and other equipment to be used to 
send and receive still and moving images and other 
media. The race is on around the world to develop such 
technology. When image transmission services become 
generally available, there will ultimately emerge a 
demand for link-ups with home video phones. It is then 
that we will see a full-scale market for video phones. 


2.3 Development of Interactive Video Services 


It is anticipated that the multimedia trend will result in 
the emergence of full-scale interactive video services 
(Fig. 4). In fact, in addition to conference applications, 
demand exists for such other services as multimedia mail 
(electronic mail with the capacity to transmit images, 
etc) and video shopping (particularly in the U.S.). The 
CD-ROM-based electronic publication of educational 
texts and other materials is also a growing area. 


As vast amounts of image information are accumulated 
around the world, technology to facilitate the process of 
retrieving and transmitting this information will become 
increasingly advanced and ultimately developed into a 


JPRS-JST-94-036 
26 October 1994 


multi-media database retrieval service. Electronic news- 
papers will, for example, be more than simply regular 
newspapers accessed electronically. They will be a new 
media form enabling information to be broken down and 
retrieved to meet specific needs. For instance, informa- 
tion of special interest might be isolated and sent, or 
accumulated data about a favorite sports player might be 
accessed. 


With regard to home applications of such technology, 
there is no doubt a major future in communications 
games. Today’s young people are in search of new ways 
to meet others. Multimedia communications will offer a 
new type of “meeting place.” 


These types of trends are likely to lead to the develop- 
ment of true VI&P services, including electronic 
libraries, electronic secretaries and two-way television. 


2.4 Improved Telephone Services 


A good example of a telephone service that can be 
conveniently used whenever and wherever you need it, is 
the compact mobile phone service, which enables you to 
hold a phone conversation as you walk. Also 
approaching feasibility are such advanced services as a 
virtual private network service which will prevent infor- 
mation reaching an unintended party due to dialing 
mistakes, even when a public network is being used; a 
service which enables the customer to freely adjust 
circuit capacity for lines on which the traffic varies 
between day and night; and a service through which calls 
are directed not to a single telephone but to a personal 
number designated to a particular individual (Table 1). 
Of course, the quality of existing telephone, facsimile 
and other telecommunications services will also be 
maintained and standards further improved as new 
technology is developed. 
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Figure 4. Developments in Multimedia and Image Services 
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Table 1. Main Advances in Telephone Services 



































Name of service Details of service 
Personal service Personal number Wherever you are, you can use a nearby telephone to access your own calls. Even if 
you move to another city, your telephone number remains unchanged. 
Services enabling flexible Virtual private network Communications can be made over a wide area using an extension number. Security 
connections control is possible. 
Completion of calls to Where a call is made to a bus line, both parties are called back when the line becomes 
busy subscribers free. 
Refusal of nuisance calls By taking note of the originating number of prank calls, calls from that number can be 
refused to be taken in the future. 
Tailored paging When calls are received from a programmed number, a distinctive paging signal 
sounds. 
Tone dialing A call can be made simply by speaking the person's name. 
Calling line identification | It is possible to see where a call is coming from without picking up the receiver. 
Telephone translation Instantaneous translation between Japanese and other languages. 
Services to improve rates Shared payment Telephone rates can be shared by both parties. 
Circle discounts Discount is available for calls made to a registered party. 











3. Toward the Construction of New Networks 


3.1 New Service Platform (B-ISDN) Research and 
Development 


Some of the above-mentioned services are feasible with 
N-ISDN. Others, however, will be beyond narrowband 
capacity. For instance, as N-ISDN can only handle 
speeds of up to 1.5 Mb/s, it may not always be appro- 
priate for high-quality image transmission and the 
sending of large quantities of data. Further, as the 
characteristics of modern facsimile and data traffic vary 


significantly from those of telephone traffic, it is 
becoming more difficult to accurately estimate the cir- 
cuit capacity required and reflect this in network config- 
uration. Also, while 64 kb/s-type individual service 
networks can be integrated through N-ISDN, this is not 
possible with broadband-type service networks. 


The construction of a common platform which will 
overcome these limitations is a goal of increasing impor- 
tance. Such a platform will need to be capable of han- 
dling any speeds, modes and quality demanded in the 
future. This is made possible by B-ISDN (Fig. 5). 
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Figure 5. B-ISDN Network 
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B-ISDN is an application of much of the latest tech- 
nology, including ATM, optical subscriber transmission 
and LSI technology. ATM, for instance, incorporates a 
wide spectrum of new technology, such as an ATM node 
system, an ATM link system, ATM-LAN, multimedia 
terminals, ATM networking and communications 
quality technology. At our Research Laboratories, in 
particular, we are currently carrying out comprehensive 
R&D in ATM-related areas. 


3.2 Advantages of ATM 


In ATM, units of information called cells correspond to 
packets in the packet transmission mode. These cells are 
of a fixed length. The ATM transmission protocol is 
simpler than for the packet transmission mode and, as a 
result, can be implemented in hardware, improving 
speed and enabling greater bandwidth. While retaining 
the advantages of the packet transmission mode, ATM’s 
high-speed processing enables it to accommodate a het- 
erogeneous mix of data, and offers the flexibility to 
respond to diverse and uncertain demands. 


3.3 Comprehensive VI&P Experiments” 


To comprehensively examine new technology with rela- 
tion to future telecommunications services, networks 
and operations, NTT Laboratories is undertaking VI&P 
trials with its Yokosuka R&D Center and Musashino 
R&D Center. In the past, this has primarily involved the 
evaluation and examination of N-ISDN services, ATM 
link systems, ATM-LAN, and optical subscriber systems. 
From last year onwards, however, our plan is to also 
work on developing more advanced networks using 
ATM and IN (Intelligent Networks), and to look into 
broadband services. 


A distinguishing feature of these experiments is that 
feedback is to be obtained from applications with regard 
to the network forming the infrastructure. Our goal is to 
use this to develop coordinated, comprehensive systems 
in which the network and services work well together. 


Developed countries around the world, including Japan, 
are gradually moving toward B-ISDN. As international 
borders break down and the “global village” becomes a 
reality, we can expect to see the development of global- 
scale services based on international standards. At NTT, 
we are directing our efforts at the construction of more 
advanced and efficient networks which will function as 
platforms for new services. 


Conclusion 


With the spread of ISDN and computer technology, new 
services are beginning to emerge. B-ISDN will prove 
vital in the future as a platform for new types of 
telecommunications. We must continue to provide ser- 
vices and networks which respond to the demands of 
society and the individual needs of our customers. 
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[Article by Hisashi Kasahara, senior research engineer, 
supervisor, and Tomio Kishimoto, executive manager, 
both of the Visual Media Laboratory, Human Interface 
Laboratories, NTT: “Broadband Multimedia Applica- 
tions and Terminals: Recent Developments and Future 
Perspectives”’] 

{[FBIS Transcribed Text] Telecommunications networks 
are gradually and dramatically changing. The move is 
away from phone-based networks and toward new types of 
networks which enable multimedia and other innovative 
services to be provided. This paper describes the types of 
new services which are appearing and of an ATM com- 
munication environment which enables users to easily 
access a variety of telecommunication services. Recent 
developments in and future perspectives on technologies 
which enhance the usage of multimedia communication 
are also shown. 


Introduction 


The basic motivation behind the use of multimedia in 
communication lies in the need for people to expand 
their capability to communicate and collaborate with 
each other. In multimedia communication, people can 
exchange their ideas and thoughts through the most 
appropriate presentation and transmission media over 
the network. This is the world dreamed of by pioneers in 
the telecommunication arena. Our goal, in this manner, 
is to provide people with an environment in which 
multimedia communication can be used at anytime, 
from anywhere, at a moderate charge and in a user 
friendly manner. 


In this paper, we focus our discussion on multimedia 
communication from the user’s perspective, and some 
key technological innovations being made in this area 
are reviewed. 


1. Multimedia From the User’s Perspective 


The “media” in the telecommunication world are listed 
and categorized in Fig. |. In most cases, the public says 
“multimedia” when multiple information types, ¢.g., 
audio, text, application data, graphics, still image, 
moving image, etc., are used in combination, especially 
in coded-representation for transmission/storage or in 
presentation for system input and output. However, 
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people will really appreciate the “multimedia” when 
they recognize the fact that they can easily and without 
any limitation use the two communication media, which 
are essential for human beings, i.e., verbal (such as words 
and sentences) and non-verbal (such as gestures, facial 
expressions, etc.), to transmit, store, input and output 
their information. The combination of various informa- 
tion types itself is not essential. This is the first point 
which should be considered in designing and providing 
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multimedia communication systems. The second point 
which should be considered is that user requirements for 
communication quality and performance may vary a 
great deal in multimedia communication, depending on 
the purpose and content of each user’s communication 
task. On the other hand, conventional telephone net- 
works have been designed and operated on the basis of 
their own unique quality and performance criteria. This 
is another point which must be kept in mind. 
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Figure 1. Classification of Media 
Table 1. Variety of Image Quality and Its Usage 
Image format standard a Estimated image content | Possible applications Estimated size of display 
( x pels) 
ociF | 144 x 176 Face > (single) Videophone 3-4 inches 
cir! 288 x 352 Face (myliple), . Videoconferencing, remote surveillance 5-30 inches 
portrait, *, figure 5 (close-range view) 
(single) 
CCIR 601° 480 x 720 Figure (single & Entertainment/news (TV), business/educational | 10-50 inches 
multiple), scene video 
CCIR 709°2 1,035 x 1,920 Medical image, scene | Remote diagnosis, entertainment (movie), 20-400 inches 
(distant view), arts, imagery materials database, environment video 
museum pieces 

















“I QCIF/CIF: Standard video format defined in ITU-T Recommendations H.261 for videophone/videoconferencing applications. 





*2 CCIR601/CCIR 709: Standard video format defined in CCIR Recommendations for TV and HDTV (studio use). 





*3 “Face” = Facial image only 





"4 “Portrait” « Upper-body image 





"3 “Figure” = Whole-body image 
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Table 1 shows a variety of standardized moving image 
formats which may be captured, processed, submitted, 
transmitted, received, stored and presented over the 
future broadband multimedia communication network. 
Each of these standards may be used in the right place, 
respectively, according to the purpose and content of the 
communication. 


2. Broadband Multimedia Applications and ATM 


The world of multimedia applications is briefly sketched 
in Fig. 2. In professional applications, Such as remote 
diagnosis, urban planning, system operation/ 
maintenance/repair, industrial design/manufacturing, etc., 
the use of multimedia, including high-quality moving 
images and high-definition still images, is expected to lead 
to “higher productivity.” On the other hand, residential 
applications, such as in entertainment (e.g., movies, music, 
games, etc.) and everyday life (e.g., teleshopping, video- 
phone, remote education, tele-advertising, etc.) visualize 
the use of multimedia for “fun and convenience.” These 
multimedia applications require the provision of a higher- 
speed, broader-band and lower-rate telecommunication 
networking environment. 


Moreover, in multimedia applications such as those 
mentioned above, various types of connections should 
be provided in the network to fulfill the diverse demands 
of users. Two such examples are multi-party connections 
for cooperative group work and multicast connections 
for simultaneous information delivery to a number of 
users. 


At present, the asynchronous transfer mode (ATM) has 
come to be recognized as one of the most promising 
technologies in the race to develop an integrated multi- 
media environment which will satisfy the above- 
mentioned prospects from the user’s perspective. 


ATM is expected to offer the most economical solution 
to building a broadband network which will convey 
high-quality realtime video-streams and high-speed 
data-packets together. ATM provides the capability of 
assigning bandwidth flexibly according to each user's 
communication task and its content. Moreover, a wide 
range of information types and connected parties within 
a call is possible in ATM. These capabilities provide 
users new communication channels which are virtually 
free from capacity limitations, multi-functional, usage 
adaptive, and able to conform well to the multimedia 
communication needs of users. 


3. Broadband Multimedia Terminals 


The “ATM workstation” is expected to be commercial- 
ized as the first customer premises equipment which 
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handles multiple media at different transmission speeds, 
and actually integrates them over the broadband net- 
work. The ATM workstation is connected to the ATM 
network and equipped with a dedicated communication 
board installed into the slot of the system bus, which 
terminates the communication protocol for ATM. 
Advances in workstation technology, especially in CPU 
performance and digital audio and video processing 
capability, along with improved ATM networking infra- 
structure, will lead to the wide deployment of ATM 
workstations as the platform for broadband multimedia 
applications. 


The problem we are now facing is how to provide ATM 
boards for personal computers and workstations at lower 
cost. Recent advances in LSI technology, however, 
promise to open the way to faster and cheaper deploy- 
ment of boards. 


4. Key Technologies for the Usage of Multimedia 


Together with the development of digital high-speed 
networking and terminal performance evolution, inten- 
sive research and development is required with respect 
to the usage of multimedia communication from the 
user’s perspective. There are three major areas for future 
research and development which have seen a number of 
recent technological innovations. These areas are out- 
lined in the next three sections of this paper. 


4.1 Digital Video Technology 


Current activities on digital video source-coding stan- 
dards are summarized in Table 2. Up to now, research 
and development in this area has concentrated on com- 
pression efficiency, aiming at transmission of better 
quality images over narrower communication channels. 


On the other hand, recent evolution in digital video 
signal processing technology, along with advances in 
computer architecture and performance, have made per- 
sonal computers and workstations capable of interactive 
video handling. This technology will certainly broaden 
the usage and application areas of video communication 
in the near future. 


At this moment, the focus of the research and development 
on digital video is moving toward technology in which: 


* video quality can be easily controlled in accordance 
with the task and content of the communication; 

* messages utilizing video information can be created 
with personal desk-tops; and, 

¢ single video sources can be distributed through 
multiple applications and various media. 
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Figure 2. The World of Multimedia Applications 
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4.2 Human Interface Technology 


A siream of new user terminal systems in which advanced 
human interface technologies have been applied is now 
under development. Some of them are: 


¢ A personal video conferencing system which brings 
the meeting room conference to the desktop’; 

¢ A groupware terminal which supports remote collab- 
orations utilizing such user-friendly media as hand 
gestures, printed paper, drawings, computers, and 
various combinations of these; 

¢ A collaboration terminal with virtual-reality tech- 
nology which mixes real-world images and computer- 
generated images together to form a virtual common 
work space for multiple users’; 
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¢ A wall-type video terminal which enhances the sense 
of co-presence with counterparts. 


As larger-size displays will be used more often for 
the exchange of higher-quality images in broadband 
communications, the eye-gaze problem will become 
more crucial for interpersonal video conferencing type 
applications. The eye-contact or eye-gaze problem (i.e., 
whether people can obtain the correct gaze of the other 
party or not) might dominate the user-friendliness of the 
system. Some research on developing image capture and 
display systems coping with this problem has also been 
done.* 





Table 2. Digital Image Compression Standards Overview 





























Standards Coded bitrate Possible applications 

H.261 64 kb/s x n (-2 Mb/s) Videophone, videoconferencing, N-ISDN applications 

MPEG! 1.5 Mb/s CD-ROM, DAT 

MPEG2 6-15 Mb/s (Nominal rate) NTSC/HDTV digital TV broadcast, digital VTR, B-ISDN applications 
MPEG4 (to be studied) < 64 kb/s Mobile communication, videophone over analog telephone network 
JPEG 0.75 bit/pel (Still picture coding) Still picture applications, desktop video editing 

4.3 Software Technology (Script 6) Finally, access to the restaurant reservation 


Multimedia platforms (i.e., computerized terminals and 
ATM networks) make multi-service handling possible. 
Various types of services, such as conversational (con- 
ferencing type), retrieval (database access type), mes- 
saging (mail type), distributive (broadcast type) and their 
combinations, can be offered on single terminal and 
through an integrated network. The following sequence 
of scripts shows an example where the multi-service 
functionality can be well applied: 


(Script 1) Initiate a call for a short business-talk by using 
the phone; 


(Script 2) When the talk becomes more lively and 
friendly, switch the call over to a videophone 
to have an enjoyable chat while exchanging 
gestures, facial expressions and eye-contact; 


(Script 3) While talking, show a recorded video of last 
week's business trip to Europe using TV- 
quality video distribution equipment; 


(Script 4) While talking, collaboratively study strategies 
for their business trip next week by retrieving 
filed video data on the locale of the trip; 


(Script 5) After concluding the discussion, send a video- 
mail under joint signature to the person in 
charge of next week's business visit, asking for 
some information prior to the meeting; 


center and browse together through menus of 
the week to select the place for the weekend 
meeting. 


The point here is that users should hardly even notice the 
multi-service functionality; they should more or less take 
it for granted. That is, the multi-service system should 
offer the above series of service scripts in a unified and 
seamless operational interface. 


Software architecture is the key to realization of such a 
multi-service environment. What will be required to 
achieve this is the development of an application 
scripting language which supports multi-service handling 
functionality for the networking applications and of the 
application program interface (API). 


Conclusion 


Recent developments in and future perspectives on 
broadband multimedia applications and terminals have 
been presented. 


New and attractive terminal platforms are being eagerly 
awaited 2s a means of accelerating the widespread deploy- 
ment of multi-media communication and the B-ISDN 
network utilizing ATM technology. In addition to the 
ATM workstations introduced in this paper, more than a 
few portable multimedia terminals and digital television 
sets have recently been announced and are under develop- 
ment at a number of organizations. These also are prom- 
ising developments; it is anticipated that they will be 
utilized as platforms which will accelers ie the usage of the 
multi-media communication environment. 
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[Article by Kensaku Kinoshita, executive manager, and 
Takafumi Saito, senior research engineer, Network 
Integration Laboratory, Telecommunication Networks 
Laboratories, NTT] 


[FBIS Transcribed Text] Future business communication 
systems have to be endowed with capabilities that ensure 
multimedia services that require video transport, in addi- 
tion to existing voice and data, and that support global 
networking to meet expanding business activities. 


This report analyzes the service requirements of cus- 
tomer premises networks (CPNS) in the ATM-based 
B-ISDN era, and discusses the main ATM-related tech- 
nologies which should be the basis for meeting these 
requirements. Services to be covered include multimedia 
applications, LAN interconnection, and system opera- 
tions. The base line for the key technologies is the 
modular definition and design of network functions, and 
the mechanisms for flexibly combining these functional 
modules. Network functions are divided into transport, 
control, and management subsystems. Transport sub- 
systems use both star- and ring-topology networks to 
efficiently accommodate multimedia traffic loads. Con- 
trol and management subsystems are built by connecting 
distributed processing functions over virtual ATM 
networks. 


Introduction 


Corporate communications have evolved over the years 
by combining three types of communication systems: 
telephone systems, such as private branch exchange 
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systems, centrex systems, and key telephone systems, 
which have been used for about 100 years to offer voice 
communications; data communication systems such as 
LANs (local area networks), which have been used for 
about 20 years and their installed base is ever increasing; 
and TDM (time division multiplexer) systems which 
have been used to improve utilization of long distance 
lines to efficiently accommodate heavy traffic. 


In recent years, the cost and performance of desktop 
information processing devices such as personal com- 
puters and workstations have been improved remark- 
ably. It is envisioned that, in the near future, these 
devices will be the main terminals to be connected to 
office networks. As the integration of office systems 
evolves, office networks will eventually accommodate 
supercomputers to process vast amounts of information 
over the network and incorporate video communication 
systems to offer user-friendly services such as multi- 
party video conferencing services. Such integration will 
surely build a sound basis for a corporate communica- 
tion infrastructure. 


To promote the above integration processes, NTT Labs 
have been investigating multi-media ATM LAN sys- 
tems. A typical configuration of the prototype system is 
shown in Fig. 1. The prototype system should evolve into 
a full-fledged future office network as shown in Fig. 2. 
ATM LAN design objectives are to provide the following 
services. 


(1) Integrated customer premises communication ser-( > 


vice, which offers a smooth migration path from a 
hybrid network built from service-specific compo- 
nents, such as CES, PBX, LAN, and TDM, to an 
integrated network that meets multimedia service 
requirements. 


(2) LAN interconnection service, which makes LAN 
services available between remote sites to support 
data processing-intensive business activities. 


(3) Integrated network operations service, which allows 
efficient use and operation of wide area networks 
(WANs) and customer premises networks to best suit 
an individual customer’s information flow. 


Providing these services will be facilitated by applying 
the following novel techniques. 


(1) Separation of network functions into three types of 
building blocks, i.e., transport, control, and manage- 
ment. 


These building blocks are implemented in a modular 
way so that diverse requirements on network func- 
tions can be met by flexibly combining these building 
blocks. 


(2) Combined use of ring and star topology transport 
networks. 
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Figure 1. Multimedia ATM LAN-—System Configuration 
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This allows the network to efficiently transport traffic 
generated by multimedia services by applying proper 
transport technologies to the proper portion of the 
network. 


(3) ATM-based logical networking. 


ATM allows for multiple logical networks to be 
defined independent of physical network configura- 
tions. With this capability, specific logical networks, 
such as those for control or management purposes, 
can be designed for optimal performance or for ease 
of operation. 


1. Multimedia Integrated Customer Premises 
Communication Services 


One of the key points in achieving multimedia services is 
the support of proper transport mechanisms that meet 
various traffic demands required by distinct media 
types. Current customer premises communication sys- 
tems employ relevant system configurations that best 
meet specific communications characteristics. 

As an example, existing PBX or Centrex systems adopt 
star-topology networks that work well with voice traffic 
characteristics, in which conversations last for a rela- 
tively long time (typically several minutes) and the data 
flows within each conversation are constant. As another 
example, LANs adopt bus- or ring-topology networks, in 
order to efficiently accommodate high speed, bursty data 
flows, where each data unit is transmitted in a short time 
(typically less than one millisecond). 


Under a multimedia communication environment, var- 
ious types of terminals are connected to the network, and 
the connection configurations among these terminals 
become complex, i.e., distinction of bidirectional/ 
unidirectional, symmetric/asymmetric, unicast/ 
multi to mention a few. Overall transport 
system design should have the capability of taking all 
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these requirements into account. In order to achieve this 
goal, both star- and ring-topology networks are devel- 
oped as the transport subsystems for the ATM LAN (Fig. 
1). The ring subsystems were designed to be used to carry 
bursty traffic and operate at transmission rates of hun- 
dreds by Mb/s to several Gb/s. The star subsystems, in 
contrast, are to accommodate up to 50 ports of a single 
switching node, with each port operating at transmission 
rates of 10 Mb/s to 156 Mb/s. 


The combined application of these two types of sub- 
systems makes it possible to design a customer premises 
network that best meets individual user’s demands for 
multimedia services. This approach also ensures the 
smooth migration from current telephone-oriented net- 
works to future multimedia networks. 


Another point for achieving multimedia services is to 
provide unified information outlets to which any kind of 
terminal equipment can be plugged-in so that multi- 
media terminals can be accommodated by the system in 
a unified manner, irrespective of the specific attributes 
of these terminals, as is shown in Fig. 3. For instance, the 
traffic characteristics may vary significantly depending 
on the media types to be used for particular communi- 
cations. The required services may also vary from time 
to time. 


The unified information outlet concept can be achieved 
by using the logical connection capability offered by 
ATM technology, with which service attributes of the 
logical connections can be arbitrarily defined irrespec- 
tive of physical transmission capabilities. For example, 
with our current system configuration, the number of 
logical connections, their service rates, and their sup- 
porting media types can be arbitrarily defined, while 
using only three types of physical interfaces, i.e., 10 Mb/s 
metallic and 150 Mb/s star-based interfaces, and a 600 
Mb/s ring-based interface. In addition to these bearer 
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LAN addresses, and other terminal attributes are main- 
tained and managed on a per-physical-interface basis. 
Subscriber services, such as connection-oriented or con- 
nectionless mode of communication and membership in 
closed user groups, can also be flexibly defined. These 
features have been made available by making use of the 
ATM virtual networking capability in which each ter- 
minal is connected to a management and/or a service 
control node via an ATM connection. 


2. LAN Interconnection Services 

The most important objective in supporting LAN inier- 
connection services is the efficient utilization of high- 
speed wide-area links. 

Networking of corporate information systems has been 
rapidly evolving with the advent of LANs. On today’s 
customer premises, a communication speed of 100 Mb/s 
is already available with FDDI LANs. However, between 
remote sites, achievable performance has been limited 
due to bandwidth restrictions and tariffs imposed by 
WAN links. 


With the advent of high performance workstations, it is 
now desired to provide connectivity to inter- 


high-speed 

connect LANs, not only at local sites but also between 
remote sites. On customer premises, an ATM LAN can 
be used as a backbone network that interconnects FDDI 
LANs. In the wide area operation, the introduction of 
ATM WANs boosts the available transmission speed up 
to 150 Mb/s, and offers seamless connectivity over LANs 
and WANs. 
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service related telephone numbers, With this type of network configuration (illustrated in Fig. 


4), LAN interconnection services can be efficiently pro- 
vided. Efficiency can be achieved in the following way: The 
density of cell streams generated by terminals varies dynam- 
ically according to the contents of the information. As the 
streams are interleaved with each other onto the transmis- 
sion line, the aggregate flow is smoothed out. As a result, less 
bandwidth is required compared to where a maximum 
bandwidth is allocated to each terminal (connection). This 
multiplexing effect becomes more significant when streams 
to different locations share a common transmission line. 


3. Integrated Network Operations Services 


(1) Efficient Operation Over WANs 


Corporate networks are characterized by the density of 
traffic flows observed between office sites. The flows 
vary in terms of their amount, proportion of constituent 
media types, and communication locality. The specific 
pattern of variation depends on the time of day, day of 
week, and date of month. 


With conventional STM-based networks, corporate net- 
works have to be designed so that enough bandwidths are 
reserved for every combination of source-destination 
pairs and media types. With ATM-based networks, in 
contrast, there is no need to reserve dedicated band- 
widths for each media type. Instead, a common band- 
width can be shared among all traffic flows generated at 
a local site. The principle of this effect is basically the 
same as that discussed in the previous section (shown in 
Fig. 4); however, multiplexing of multiple media types 
improves the effect even further. 
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When dynamic bandwidth management services over 
WANs become available, customers will be able to 
demand only the minimal amount of bandwidth 
according to the time of day. At this point, a finer grain 
contro! of network operation becomes feasible. 


(2) Efficient Operation of On-Premises Resources 


Another requirement for operations services is to mini- 
mize the amount of resources to be installed on premises. 
To solve this requirement, we define our communication 
system architecture as a combination of three subsystems: 


transport, control, and management subsystems. 


The transport subsystem consists of two types of network 
sections: access sections and transit sections. The main 
design objective with access sections is to multiplex 
sparse traffic flows generated by terminal stations; the 
objective for transit sections is to deliver the multiplexed 
traffic to the proper destination in an efficient way. 

With our ATM LAN, access sections for continuous media 
traffic adopt star topology and those for bursty traffic 
adopt ring topology. Transit sections are built by com- 
bining both topology subnetworks. In this way, the 
required amount of transmission and switching resources 
can be minimized in terms of aggregate bandwidths. 


With regard to control and management subsystems, the 
location of processing resources should be designed to 
meet particular patterns of service requests. Control and 
management subsystems organization makes it possible 
to optimize processing system configurations 
because of their separate re. As an example, connec- 
tion cued euanin tab oo © Ghee & o> 
viding direct paths between source and destination 


ATM LAN as the 
porate networks. It showed the potential capabilities of 
the ATM LAN by ica- 
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{Article by Masatoshi Kawarasaki, senior research engi- 
neer, supervisor, Network Architecture Laboratory, 
Telecommunication Networks Laboratories, NTT, and 
Noriyuki Terada, senior manager, Technology Research 
Department, NTT: “Perspective of an ATM Platform— 
Making Flexible Network to Environmental Changes”’] 


[FBIS Transcribed Text] The future network is required 
to handle multi-media and multiple protocols. In addition 
to this “universality,” “flexibility” to meet changing 
needs quickly and to utilize invested facilities at optimum 
efficiency is an important feature in a future network. 
This article describes an ATM platform which is ‘‘univer- 
sal” to accommodate various services including POTS 
service and also ‘‘flexible” to changing environment. 


1. Change of Views to a Network 


Conventionally, large economy and efficiency were main 
concerns in network planning. The issue was “how to design 
a network optimally under given conditions.” Recently, 
when the variety of new services appears under multi-carrier 
and multi-vendor environment and where the conditions 
for network design are ever changing, the issue of a network 
became “what are the most suitable structure and mecha- 
nisms of a network to meet changing needs quickly?” 


2. Problems in Current Network 


Computer communication is coming to the front. It 
generates bursty traffic and uses specific protocols such 
as TCP/IP (Transmission Control Protocol/Internet Pro- 
tocol). A network should be enhanced to handle bursty 
traffic as well as various protocols. Multimedia commu- 
nication is also an ambitious target. The range of traffic 
variation will be extremely high which should be handled 
efficiently by a network. 


However, the structures of current networks, e.g., tele- 
phone network, narrowband ISDN (N-ISDN), low-speed 
and high-speed leased line networks, are considerably 
dependent on services and/or transmission bit rate which 
they provide. Furthermore, as these networks are designed 
in several stages (i.e., traffic forecast, circuit network 
design, path network design and transmission system 
design), redundancy considered in each stage accumulates 
to make the whole network quite inefficient. If traffic 
forecast is not accurate or if a system falls, re- 
design/re-construction/testing to reconfigure a network 
require enotmous time and effort. Such a situation results 
in division loss in investment, unbalance between traffic 
and resources. Network design and management should be 
enhanced to meet changing needs flexibly. 


3. Possibilities of ATM 


The virtue of ATM is not only to provide high-speed 
services or multimedia services. ATM can be effective in 
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achieving a network which is flexible enough to meet 
changing needs. By using ATM, the basic transport 
capability can be independent of services and/or trans- 
mission bit-rates, and a network can be easily reconfig- 
ured according to demand changes. 


Increase of shared resources can reduce the investments 
which are specific to new services, and can also improve 
the flexibility and robustness of a network against traffic 
variations. As a result, a network can fully utilize the 
invested resources. 


4. How to Build B-ISDN 


B-ISDN is supposed to transmit not only broadband traffic 
but also various traffic of existing services, such as voice. 
This is why the cell length is determined at 53 bytes. In 
building future B-ISDN networks, it is necessary to discuss 
evolution scenarios of B-ISDN, i.e., whether networks inde- 
pendently of existing networks, or to “ATMize” the existing 
networks for the purpose of building a common platform in 
the future. In any case, an interconnection of voice should 
be very important because most multimedia traffic in the 
B-ISDN is supposed to contain voice traffic which should be 
connected to existing networks. 


This paper discusses the possibility of the ATM based 
platform. In fact, if we try to build a network exclusively 
for broadband services, the “Chicken and Egg problem” 
between demand and investment would make it difficult 
to establish a nationwide network dedicated to a new 
service. The broadband network should evolve from 
existing networks, expanding their capability to provide 
broadband services. If a platform supports not only 
broadband services but also existing services, ““economy 
of scale” will allow reasonable investment. Positive 
feedback may generate additional broadband demands. 


5. Introductory Scenarios of ATM 


A number of scenarios can be envisaged in building an 
ATM based common platform. From the viewpoints of 
how to handle voice and 64 kb/s traffic, and how to 
interwork between ATM and STM parts of a network, 
these scenarios can be categorized in three as shown in 
Fig. 1. In any scenario, cell assembly and disassembly 
device (CLAD) is necessary as an interworking interface. 


In Scenario No. 1, an “ATMized” transit network interfaces 
STM networks with VC-11 or VC-12 CLADs where ATM 
cells are assembled/disassembled by a unit of SDH based 
VC-11 or VC-12, ie., 24 or 30 channels. This scenario is 
economical and does not cause significant transmission 
delay. However, a multiplexer and a demultiplexer are 
necessary for interconnecting a 1.5 Mb/s based country and 
a 2 Mb/s based country because each cell contains existing 
SDH frame structure based on 24 or 30 channel. 


Scenario No. 2 is similar to Scenario No. 1; however, 
each 64 kb/s channel is assembled and disassembled into 
a cell (single-channel CLAD). It requires echo cancelers 
for voice traffic. It is necessary to discuss a control on 
echo cancelers. 
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Scenario #2 introduce ATM first into transit network with VC-11 CLADs 
or VC-12 CLADs 
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Scenario #2 introduce ATM first into transit network with single 
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Scenario #3 introduce ATM first into subscriber network with single 
channel CLADs 
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Figure 1. ATM-Based PSTN Introduction Scenarios 





In Scenario No. 3, single-channel CLADs are placed at 
the termination point of subscriber loops and assemble/ 
disassemble all information including voice into/from 
ATM cells. It also requires echo cancelers. In connecting 
with STM based networks, single-channel CLADs are 
also required. Effective cells are generated only when 
calls occur. Thus, it is easy to check actual traffic flows 
and to feedback them to operations by counting number 


of effective cells. This architecture seems to be costly; 
however, if it is possible to pack an analog-digital (A/D) 
converter, an echo canceler and a CLAD all together into 
one LSI chip, total network costs could be more econom- 
ical than conventional STM based networks. 


According to the trend forecast in LSI technologies, 
ATM subscriber line-card as shown in Fig. 2 is feasible to 
be as small as that of current subscriber line-cards. 










































































One chip 

LSI One chip LS! 
2-wire Toftrom VCH 
metallic 
cable f]Pro- || Une TT! ose | | CLAD ~ 
<* +} iect |- 

mi = 
- 
Pt 7 ” 

i : CCT tor NASON : Aled hevor proseesing 
: * Echo cancelier as 











Figure 2. Configuration of an ATM Subscriber Line Card 
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Figure 3. ATM Platform Architecture 





6. ATM Platform 


The ATM platform based on scenario No. 3 described above 
is illustrated in Fig. 3. The main features of this platform are 
(1) service/bit-rate independent public network, and (2) 
utilization of available facilities at optimum efficiency. 


Not only broadband services but also conventional tele- 
phone services can be economically provided. Any service- 
specific transducer can be easily plugged in. Real-time 
traffic control solves the unbalanced capacity problems of 
current STM transit links. Bandwidth is allocated on 
demand dynamically with a fine degree of granularity. 


The infrastructure of the platform is made of transmission 
systems and buildings which are established according to 
the long term network planning. On top of this infrastruc- 
ture, the Virtual Path network is built to carry large traffic. 
The Virtual Channel network is built on VP network to 
offer various services. VC handlers (or ATM switches) are 
installed intensively as “service nodes” to provide call 
handling and service control capabilities. Various services 
are accommodated by ATM remote node (ATM-RT) 
which implements service specific transducers. Owing to 
ATM-RTs and intensive service nodes allocation, access 
network is simplified. Transit network is also simplified 
owing to the fine degree of granularity in the VP network, 
i.e., transmission hierarchy as well as 24- (or 30-) channel 
quantization are eliminated. 


7. New Paradigm of Network Design and Management 


As described earlier, network should be designed and 
managed to meet changing needs flexibly. Figure 4 
compares the conventional network design and manage- 
ment scheme with a new paradigm. The main features of 
this new paradigm is that long-term network planning 
can be done roughly based on traffic forecast while 
-short-term traffic variations are absorbed by on-line 
management such as routing control and automatic 


capacity adjustment of VPs/VCs. To achieve this on-line 
management, a feedback mechanism of the real-time 
traffic data to actual facilities allocations is needed 
which is easier to be realized by using ATM rather than 
STM. As a result, new investments should be done only 
when facilities saturate. 


8. Feasibility of ATM Platform 


More economy and easier operation than conventional 
network are essential requirements in building an ATM 
platform. The feasibility of an ATM platform was validated 
through a case study in Tokyo metropolitan area network. 
Functional allocations are summarized in Fig. 5. Type No. | 
is a traditional STM based two-level-hierarchical network. 
Types No. 2 through No. 4 are ATM based networks where 
meshed VP areas are expanded toward Type No. 4 to make 
a non-hierarchical network. 


To evaluate the flexibility of an ATM platform against 
traffic variation, change of network cost satisfying the 
required QOS (Quality of Service) was evaluated in rela- 
tion to a change of traffic patterns offered to a network. 
The numerical result is shown in Fig. 6. The x-axis 
represents a number of different traffic patterns offered to 
a network, where the y-axis represents total cost of a 
network which satisfies the given QOS level simulta- 
neously for each of the different traffic patterns. In general, 
a network cost increases as a number of different traffic 
patterns increase in order to maintain the same QOS level. 
If the cost increase is smaller, the network is more flexible 
to traffic variations. Owing to the dynamic bandwidth 
allocation capability (with a fine degree of granularity), an 
ATM platform can achieve a flexible network to meet 
traffic variation. Type No. 4 is the best configuration as far 
as cost and network flexibility are concerned. However, 
there may be disadvantages in using Type No. 4 such as a 
bigger number of virtual paths to be managed. A good 
trade-off is needed. 
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Figure 4. New Paradigm of Network Design and Management 
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Figure 5. Network Configurations 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 

















5) Telecommunications 




















Number of different traffic pattern(s) 
Figure 6. Evaluation of Network Flexibility to Traffic 
Variation 








Conclusion 


ATM platforms are planned toward 1994 in many countries. 
The expected services include ATM Virtual Path service, 
frame-relay service and Switched Multi-megabit Data Service 
(SMDS) which are used mainly for LAN interconnection. 
Some carriers intend to use these services also for existing 
voice or telephone traffic. In any case, software controlled 
flexible networks are becoming the future trend. 
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[Article by Takeo Koinuma, executive manager, and Tatsuro 
Takahashi, senior research engineer, Broadband Network 
Systems Laboratory, Communication Switching Laborato- 
ries, NTT: “ATM Node System Technologies: Providing 
High-Speed Data and Multimedia Communication 
Services” ] 


{FBIS Transcribed Text] ATM is a transfer mode capable 
of flexibly handling a wide variety of communication 
traffic, such as voice, data and video with diverse bit-rates. 
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The ATM node system, or ATM switching system, is 
expected to be a key network element in providing broad- 
band and narrowband services in B-ISDN. This article 
describes ATM node system technologies including 
system architecture, hardware technologies, software tech- 
nologies and traffic control technologies, and the NSIOA 
ATM switching system which is a first generation ATM 
node system for high-speed data communications. 


Introduction 


Asynchronous transfer mode, or ATM, is the only 
transfer mode used in B-ISDN. A lot of research work 
has been carried out on ATM switching technology since 
ATM was recognized as the most promising next gener- 
ation network technology. NTT Communication 
Switching Laboratories has also been actively working 
on ATM. We constructed an experimental system con- 
sisting of an ATM switching system and ATM terminals 
in order to develop ATM technologies and to demon- 
strate the effectiveness of ATM as a communication 
mode.':? This experiment has convinced us of the feasi- 
bility of ATM; therefore, system development has been 
started for commercial services. 


ATM has attractive features as shown in Fig. 1. Label 
multiplexing with 53-byte fixed-length cells gives a lot of 
flexibility to communication networks. An ATM network 
can uniformly handle different communication media 
including multimedia communication. Since ATM nodes 
do not require equipment for dedicated communication 
bit-rates, they can handle communication with any bit-rate. 


In ATM networks, connections are identified by VPI and 
VCI, and network resources are handled separately from 
connections. Separation of connections and resources enables 
ATM networks to provide fast resource management services, 
which dynamically reassign network resource to each connec- 
tion. Also, network path capacity can be easily reassigned 
dynamically to follow the input traffic. Online QOS moni- 
toring and connection route tracing using OA&M cells will 
improve OA&M functions of communication networks. 

















Characteristics of ATM Advantage of ATM 
Multimedia | 
communication services ) 

[Capable of multiple bitrates\q / 





Multinia OOS « 





_—_——_ 
































Label and tailored network A _ (Simple and flexible 
efficiency by software networking and 
CASTE oY / U control 
byuseot Ff sok 
resource 
Drewes No 
q OAM by 
tracing and on-line QOS 
LLU 





Figure 1. Characteristics and Advantages of ATM 
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Figure 2. Easy-To-Evolve ATM Node System Architecture 





1. Easy-To-Evolve Node System Architecture 


Figure 2 shows ATM Node System architecture. A node 
is constructed of function modules with standardized 
N-interface (node-to-node interface) or M-interface 
(module-to-module interface). Function modules 
include AHM (ATM circuit channel handling module) 
which has the basic switching functions, and AMC 
(ATM inter-module connection module) which intercon- 
nects all the other function modules. This modular 
architecture makes it easy to enhance switching func- 
tions and capacity.** 


SDH (synchronous digital hierarchy) is employed as a 
principle layer-1 interface of N/M-interfaces. According 
to the system generation, SDH with higher bit-rate will 
be employed, and the capacity of each module will also 
be increased. 


Independent evolution of hardware and software is very 
important in a multi-vendor environment. As shown in 
Fig. 2, a layered software structure with IROS interface 
is employed. 


2. Hardware Technologies 


Hardware technologies contribute to high-performance 
and economical ATM switching systems. They include 
cell processing technology, self routing switches, and 
CLAD, or cell assembly and disassembly circuits, to 
convert non-ATM information streams to ATM. 


An ATM switching system performs cell processing 
functions, such as UPC (usage parameter control), cell 


counting, header conversion, and operation and mainte- 
nance functions with OA&M cells. The aim of cell 
processing studies is to achieve a cell processing circuit 
that has high performance, in terms of traffic control 
performance and number of channels, with compact 
circuitry. Current hardware can handle 4,000 connec- 
tions of a 150-Mb/s subscriber line or 64,000 connec- 
tions of a 150-Mb/s trunk line using two Hi-PAS circuit 
boards. 


There have been a lot of studies on ATM switch con- 
struction. Table | categorizes switch construction 
schemes from the viewpoint of buffer allocation. Shared 
buffer switches and output buffer switches can be imple- 
mented compactly by use of VLSI, but they require 
buffer memory to operate at high speed. Therefore, their 
schemes are used for ATM switches that handle rather 
low-speed lines. Limitation of shared buffer and output 
buffer switch capacity is around 10 to 20 Gb/s per 
switch. Input-and-output buffer switches and matrix 
buffer switches can handle very high-speed lines, for 
example 10 Gb/s lines with conventional device technol- 
ogies. ATM switches generally have larger capacity than 
STM switches since 53-byte ATM data can access 
memory simultaneously instead of 8-bits in STM 
switches. 


CLAD is needed for interworking with non-ATM net- 
works and to accommodate non-ATM terminals. Table 2 
shows the types of adaptation layer protocol. NAM in 
Fig. 2 performs CLAD functions for interworking with 
N-ISDN. Class A adaptation layer functions for user 
information and Class C functions for signalling are 
carried out in NAM.® 
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Figure 3. ATM Switching System Software Structure 





3. Software Technologies 


Software portability is ensured by using layered software 
structure, a multi-vendor interface and object-oriented 
programming techniques. Software has a three-layer 
structure as shown in Fig. 3, and IROS (Interface for 
Real-time Operating Systems) is used as a standard 
software interface between layers. Software recognizes 
hardware only as “logical devices” which describe 10 
conditions and state transitions of the hardware.’ In 
other words, hardware can be improved further without 


software modification provided that the hardware 
satisfies the interface of the logical device. 


4. Traffic Control and Traffic Design Technologies 


Traffic control is one of the key technologies of ATM. An 
ATM system is able to handle diverse traffic by using 
appropriate traffic control technology. Table 3 summa- 
rizes the requirements from each communication media 
associated with AAL types, and Table 4 outlines traffic 
control for each AAL type. 





Table 3. B-ISDN Service Categories and Requirements for Resource Management 
























































Service categories Circuit emulation VBR voice, video Data 
CO data | CL date 

Cell transmission time transparency Necessary Not necessary 
Cell loss sensitivity Most sensitive Sensitive Tolerant 
CDV sensitivity Most sensitive Sensitive Tolerant 
Average/peak ratio I 1-0.1 Very small 

Estimation of traffic Predictable Unpredictable 

characteristics 
Table 4. Resource Maragement Categories 
Service categories Circuit emulation VBR voice, picture Data 
CO data if CL data 

Resource management Traffic-descriptor-oriented resource management Bit-rate-free resource management 





CBR 


| VBR 

















Congestion control Call level Call level + Call level 
Usage-based charging Holding-time based Data-volume based 
scheme 

QOS assurance Assured on call-by-call basis Assured by average 





An ATM system is able to perform like a circuit 
switching system with guaranteed QOS by use of deter- 
ministic multiplexing, or like a packet switching system 


with statistical QOS by statistical multiplexing. A deter- 
ministic traffic control method is used for circuit emu- 
lation and variable rate voice or video, in which 
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bandwidth is assigned to individual connections to guar- 
antee the QOS. However, statistical traffic control is 
applied to data traffic in which network resources are 
shared by many connections in order to improve net- 
work efficiency.*® 


5. “NS10A” ATM Node System for High-Speed Data 
Communications 


High-speed data communication is generally believed to 
be a promising candidate for the first target application 
of ATM services. Downsizing of computers is driving 
data processing architecture to distributed processing 
performed by a group of workstations instead of batch 
processing by a host computer. Data communication is 
also changing from rather low-speed center-to-end com- 
munications to high-speed LANs. Distributed processing 
with LANs requires high-speed interconnections of mul- 
tiple LANs at distant locations. 


Inter-LAN communications have very bursty traffic 
characteristics. Figure 4 shows an example of inter-LAN 
communication. Leased line service is not suitable for 
bursty communications. Interconnection by high-speed 
leased lines results in very poor network efficiency 
because of long idle time. Use of low-speed leased lines 
may improve the network efficiency. However users 
have to wait a long time for a response because of the 
long delay time. 


ATM networks can handle bursty traffic efficiently with 
limited delay time. Hardware switching allows an ATM 
system to accommodate a high-speed transmission 
system. By multiplexing a number of communications 
onto a high-speed transmission system, an ATM network 
can efficiently handle bursty traffic. Even if the indi- 
vidual traffic is very bursty, the aggregated traffic is not. 


Figure 5 shows the architecture of the NSIOA experi- 
mental ATM switching system at NTT Communication 
Switching Laboratories, and Fig. 6 [not reproduced] 
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Figure 4. LAN-to-LAN Data Communication Traffic 








shows its appearance. It has a real-time traffic measure- 
ment facility in the trunk line unit to improve the trunk 
efficiency while maintaining the QOS.’ The total 
capacity of the system is 10 Gb/s, and the system is able 
to accommodate various transmission systems with dif- 
ferent bit-rates. In order to allow the ATM network to be 
built economically, the system can interface with 
existing transmission systems.'° The transmission 
system for the Super Digital leased line services can be 
used as the subscriber lines of NSIOA, and the SDH 
transmission system which is already installed can also 
be used as a trunk transmission line for NSIOA. NSIOA 
supports a number of Permanent Virtual Connections, 
4,000 connections on each STM | subscriber line or 
64,000 connections on each STM | trunk line. Since the 
main application of this system is high-speed data trans- 
mission, the data buffer is designed for handling very 
bursty traffic. It also has a cell counting function for 
usage sensitive charging which is necessary for data 
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Figure 5. “NS10A” ATM Node System 





Conclusion 


This article discussed ATM node system technologies 
and NTT’s first ATM switching system NS10A currently 
under development. NSIOA provides high-speed LAN 
interconnections through PVC connections. The use of 
ATM is expected to be extended further after the recom- 
mended international standard. Subscriber signalling 
function necessary for multimedia services will be added 
to the system. It is very important to implement ATM in 
existing network infrastructure in order to accelerate the 
migration to ATM. The first target will be the N-ISDN 
trunk transit network. Also economical CLADs, echo 
cancelers, and large connection handling capacity are 
essential for achieving this target. 


References 


( 1) T. Koinuma, T. Takahashi, H. Yamada, S. Hino 
and M. Hirano: “An ATM Switching System Archi- 
tecture Based on Distributed Control,” ISS °90, 
1990. 


( 2) H. Ohnishi, T. Takahashi, K. Kuroda and T. 
Okada: “Switching Technologies for B-ISDN,” 
NTT REVIEW, Vol 3 No 3, May 1991. 


( 3) H. Ishikawa: “Evolving from Narrowband,” IEEE 
omm. Magazine, Vol 30 No 8, Aug 1992. 


( 4) T. Koinuma and T. Takahashi: “ATM Node 
System Technologies,” NTT R&D, Vol 42 No 3 (in 
Japanese), Mar 1993. 


( 5) N. Miyaho, Y. Doi, M. Hirano and Y. Takagi: 
“ATM Switching System Technologies,” NTT 
R&D, Vol 42 No 3 (in Japanese), Mar 1993. 


( 6) S. Tonami, M. Mizuno, K. Imai and H. Fujiya: 
“ATM Network Access Technologies,” NTT R&D, 
Vol 42 No 3 (in Japanese), Mar 1993. 


( 7) K. Seino, S. Shiraishi, M. Ookubo and K. Kuroda: 
“ATM Software Technologies,” NTT R&D, Vol 42 
No 3 (in Japanese), Mar 1993. 


( 8) K. Miyake, H. Saito and S. Chaki: “Traffic Control 
for ATM Networks,” NTT R&D, Vol 42 No 3 (in 
Japanese), Mar 1993. 


( 9) H. Saito and K. Shiomoto: “Dynamic Call Admis- 
sion Control in ATM Networks,” IEEE) on 
Selected Areas in Comm., Vol 9 No 7, 1991. 


(10) N. Miyaho, M. Hirano, Y. Takagi, K. Shiomoto 
and T. Takahashi: “An ATM Switching System 
Architecture for First Generation of Broadband 
Services,” ISS "92, 1992. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 




















16 Telecommunications 


ATM Link System Technologies 


43070113G Tokyo NTT REVIEW in English 
Jan 94 pp 49-55 


[Article by Ikuo Tokizawa, executive research engineer, 
and Katsuaki Kikuchi, senior research engineer, Transmis- 
sion Systems Laboratories, NTT: “ATM Link System 
Technologies: Super High-Speed Information Highway for 
Future Multimedia Communication Services”] 


[FBIS Transcribed Text] Jn order to provide broadband 
services to customers flexibly, ATM transport networks 
with simple configuration, high reliability, high quality 
and high operability are required. In this paper, technol- 
ogies that will permit ATM transport networks to provide 
gigabit rate virtual paths and the super high-speed infor- 
mation highway are described. The highway is very appro- 
priate as the platform not only for future public 
communication services, but also for private network 
Services. 


1. Virtual Path Concept 


Rapid technical advances of optical transmission will 
make possible the commercial introduction of 10 Gb/s 
systems in the near future. Transmission cost per unit bit 
rate will generally fall as the transmission speed 
increases. Directly connecting switching systems or 
switching systems and customer premises equipment 
with high speed transmission lines will cause excessive 
cable congestion. Moreover, total network cost will be 
increased because the transmission capacity and pro- 
cessing ability of the switching system are wasted when 
the traffic volume is small. It is more flexible and 
economical to connect the switching systems and the 
customer premises equipment with paths instead of 
transmission lines. 


A path is a high-quality, reliable “signal pipe” with 
sufficient bandwidth to connect two points directly. 
Each path is formed in the high-speed transmission line 
by the cross-connect system. ' It is important to construct 
first the path networks which will be the infrastructure of 
the telecommunication networks needed to support a 
wide variety of services. Virtual paths (VPs) are based on 
the ATM (Asynchronous Transfer Mode) technique and 
have several remarkable advantages over the conven- 
tional digital paths based on STM (Synchronous 
Transfer Mode). The bandwidth of a virtual path can be 
selected arbitrarily and changed easily. Path cost will be 
reduced because the nodes are greatly simplified. More- 
over, path network management, including accommoda- 
tion design, will be facilitated.?-’ 


2. B-ISDN Network Architecture 


The functional configuration of a prospective ATM- 
based broadband communication network is shown in 
Fig. 1.* The core in the figure is a VP network, which is 
a platform that can transport various service signals. 
Depending on demand, paths are established to connect 
the customer premises equipment through the ATM 
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switching system. VP networks in transit areas consist of 
ATM cross-connect systems (XCs) or add-drop multi- 
plexers (ADMs). Their selection depends on transmis- 
sion line topology and service traffic load. Network 
terminator (NT) provides a user-network interface to the 
customer. NT and subscriber loop terminal (SLT) con- 
struct the VP in subscriber access areas. Quality super- 
vision of VPs and VP restoration upon transmission line 
failure are performed in the VP network, so that VPs 
with high quality and high reliability are always provided 
to the customers and switching systems. 


Virtual channel (VC) networks, configured by estab- 
lishing the appropriate VPs, are divided into the private 
networks owned by customers and the public switched 
service network. Equipment in the VP networks handle 
the customer cells according to the VPI (Virtual Path 
Identifier) in each cell header. On the other hand, 
equipment in the VC networks handle the cells by their 
VCI (Virtual Channel Identifier). Namely, VPlIs in the 
cell header configure VP networks while VCIs configure 
VC networks. 


3. Features of VP-Based Network 


The network infrastructure, based on using VPs, has the 
following remarkable features over the conventional 
network, from the viewpoints of network configuration 
and operation.° 


(1) The node structure, in addition to the path network 
configuration, is simplified because VP networks are 
non-hierarchical. Path accommodation design 
within the transmission line is also facilitated. 


(2) The network becomes flexible in service provi- 
sioning because the path bandwidth can be selected 
arbitrarily and changed easily. No operation need be 
performed at nodes along the VPs for path band- 
width alteration. Moreover, fast restoration against 
network failure can be realized by introducing VP 
self-healing techniques.*’. 


(3) Path OA&M (Operation Administration and Main- 
tenance) functions for advanced network operation 
can be enhanced. For instance, automatic gathering 
of path constituent information, in-service testing of 
path performance and measuring of path statistics 
such as cell traffic become possible. 


(4) Errorless protection switching function of the trans- 
mission lines or the path can be easily realized.* This 
is desirable to avoid disturbing active paths when 
re-routing transmission lines or replacing node 
equipment. 


4. ATM Leased Line Services 


ATM private networks utilizing VP-based ATM leased 
line services give the customer many benefits.° Figure 2 
shows the schematic configuration of a business-use 
private network, in which the offices and factories of a 
corporation are directly connected by VPs. VCI values in 
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Figure 1. ATM-Based Communication Network Configuration 





the cells are transported through each VP transparently. 
Customers can construct their own private networks 
flexibly and easily by utilizing virtual channels (VCs) 
because they can create up to 64,000 VCs with arbitrary 
bandwidth in each VP. Moreover, the enhanced OA&M 


capabilities possible with VPs will permit the customers 
to easily manage their own networks. 

If the high-speed ATM leased line service can be pro- 
vided at low price, rapid penetration will be assured. To 
enable this, a reserved connection mode, wherein VP 




































































Figure 2. Private Network Configuration Using ATM Leased Line Services 
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bandwidth can be increased/decreased according to the 
customer’s demands, will be added to the conventional 
fixed’ bandwidth model.'° The reserved connection 
mode service will provide customers with economical 
communication for LAN-to-LAN interconnections. 


5. ATM Link System Technologies 


The prototype of the ATM Link System, which will allow the 
construction of VP infrastructure and simultaneously are 
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applicable to VP VP-based leased line services, has been 
developed.'' Figure 3 shows the configuration of the ATM 
Link System. The system features not only very high-speed 
lime interfaces, large capacity cross-connect switch networks, 
and built-in functions that contribute to efficient operation 


shown in Table |. Outlines of the main technologies devei- 
oped for the prototype system are as follows. 
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Figure 3. ATM Link System Configeretion 





Table 1. Prototype ATM Link System Outline 
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simple hardware. '* 


It is useful to consolidate the VPs of small locai areas 

remotely. ATM-based ADMs with 2.4 Gb/s line inter- 

faces have been developed. The system can set up not 
only point-to-point connections, but also point- 
type communication services such as video distribution. 

To make the ring network highly reliable, section loop- 

line failure with simpisiied controls is realized. More- 

over, live traffic is not interrupted or degraded when the 
loopback configuration is released because hitless VP 
switching functions are built in.'* 

5.4 Intelligent OAA&M Technologies 

In order to provide high-quality, reliable VPs and to 

make possible easy network management and operation, 

VP OA&M functions are effectively realized with 

OA&M cells and are built into the ATM XCs, SLTs and 

ADMs.'’-"* The functions are as follows. 

(1) Maintenance signal transfer function using VP-AIS 
cells to send path alarm with failure location data to 
the VP end point. Fast fault localization is possible. 

(2) In-service continuous monitoring function of VP 
performance to detect bit errors, lost cells and mis- 
delivered cells. 

(3) Path trace function which allows for automatic 
collection of VP constituent information. 
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Figure 6. Virtual Path Trace Function 





5.5 Virtual Path Accommodation Design Technologies 


Two types of VPs exist in terms of the bandwidth: CBR 
(constant bit rate) and VBR (variable bit rate). Goals 
required from the VP accommodation design are accept- 
able calculation time and guarantee of QOS (quality of 
service). At the outset of VP introduction, it appears that 
most VPs connecting ATM switching systems and cus- 
tomers will use CBR VPs. In this context, an algorithm 
suitable for CBR VPs that satisfies the aforementioned 
requirements has been developed. 


The algorithm takes into consideration the cell jitter 
caused by ATM cross-connect/multiplexing systems and 
the mixture of VPs given the wide variety of path 
bandwidths envisaged.*°:?' The algorithm uses the M/ 
D/1 model to evaluate link utilization. It guarantees a 
conservative QOS for VP accommodation within the 
transmission lines. 


Conclusion 


Virtual paths will play an important role in constructing 
the future communication network infrastructure 
needed for not only the public switched services net- 
work, but also the private networks. We have developed 
the many new technologies demanded for VP realization 
as well as the prototypes of network elements such as the 
cross-connect systems and the subscriber line terminals. 
These technologies effectively enhance VP quality/ 
reliability, VP OA&M capability, in addition to reducing 
equipment size. The developed ATM Link System pro- 
totypes have been installed in NTT Yokosuka and 
Musashino R&D centers and connected by high speed 
optical lines. A field trial has been underway since April 
1993. 


To introduce the ATM system into the existing network, 
ATM leased line services for business customers will be 


commenced and a core VP network offering various 
high-speed services will be established. Development of 
an operation system which manages and controls the VP 
networks and the network elements will follow. 
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Laboratory, Telecommunication Networks Laborato- 
ries, NTT: “Performance Design and Monitoring Tech- 
niques for Multimedia Services—Service Quality from 
the Customer Viewpoint’’] 


{[FBIS Transcribed Text] Customer requirements for 
broadband-ISDN (B-ISDN) will be more advanced and 
diversified, so performance design and monitoring tech- 
niques for the ATM network used for B-ISDN services will 
be essential. This article presents the concept and meth- 
odologies of performance design and monitoring to 
improve the quality of service perceived by customers. 


Introduction 


Current research and development activities will lead to 
B-ISDN services such as multimedia and high-definition 
image services. Customer requirements for these B- 
ISDN services will be advanced and diversified. Further- 
more, telecommunication services are very competitive, 
so it is essential for service providers to provide high- 
quality services that will gain customer satisfaction. For 
this purpose, methodologies for performance design and 
monitoring of a B-ISDN network need to be established 
(see Fig. 1). 


This article presents performance design and monitoring 
techniques for an ATM (Asynchronous Transfer Mode) 
network that will be widely used as a transfer network for 
various B-ISDN services. 
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Figure 1. Offering B-ISDN Service While Monitoring Its Quality 





1. Concepts of ATM Network Performance Design and 
Monitoring 


1.1 Quality of Service Perceived by Customers 


Customers using B-ISDN services will mainly be inter- 
ested in functionality, ease of operation, tariff, and 
quality of service. The quality of service includes tele- 
communication quality such as transmission perfor- 
mance and trafficability performance. 


In order to provide customers with good quality B-ISDN 
service, ATM network performances must be adequately 
designed.” Furthermore, in-service performance must be 
monitored so that customers can be quickly provided 
with information about the quality of service. 


1.2 Network Performance Design and Monitoring 


The main performance parameters related to an ATM 
network are: (1) the transfer speed of user information 
(i.e., cell transfer delay) and (2) the accuracy of user 
information transferred (i.e., cell error ratio and cell loss 
ratio). The performance parameters are listed in Table 1, 
and the relationships between various performance deg- 
radations are shown in Fig. 2. 





Table 1. Main ATM Transfer Performance Parameters 


Ratio of total errored cells to total successfully 
transferred cells 





Cell error ratio 











Cell loss ratio Ratio of total lost cells to total transmitted cells 

from the transmitting side to the receiving side 
Cell transfer Delay time from the transmitting side to the 
delay receiving side (average, variation) 





The cell transfer delay is generated in transmission and 
switching systems, and accumulates throughout the net- 
work. Therefore, the total amount of delay depends on 
how many transmission links and switching nodes the 
user information passes through. Since we cannot change 
the delay performance of the equipment or the network 
configuration after introduction, we must design the 
delay performance of the ATM equipment and network 
appropriately. 


Cell loss is an error or loss of user information in a cell 
block, resulting in noise in the speech or image signals 
transferred. There are two causes of cell loss: cell traffic 
overload of a virtual circuit, and random or burst errors 
in transmission links. The cell loss ratio due to the cell 
traffic overioad can be kept nearly equal to a designed 
value, but it is difficult to specify the ratio of cell loss due 
to random or burst errors. 


Discussions are currently in progress about having two 
quality levels with different cell loss ratios: one being 
almost negligible and the other allowing a certain accept- 
able level. Transmission and switching equipments are 
currently designed to achieve an almost negligible cell 
loss rate. It is necessary to monitor the cell loss ratio 
under in-service conditions to check whether this cell 
loss requirement is being met. 


2. Performance Design Methodology To Improve 
Quality of Service 


Various media such as speech, video, and data for 
B-ISDN services are transferred through an ATM net- 
work. Among these media, speech communication 
imposes the most severe delay requirement. In an ATM 
network, about 6 ms of cell delay is inevitably generated 
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Figure 2. Relationships Between Various Performance Degradations 





by packetizing a block of speech information into a cell. 
However, cell transfer delay accumulated in the network 
can be reduced by decreasing the number of transmis- 
sion links and switching equipments that the cell infor- 
mation passes through. Therefore, quality of service in 
terms of end-to-end total delay can be maintained or 
even improved. The end-to-end delay from Hokkaido to 
Okinawa (from the northern extremity to the southern 
extremity of Japan) is expected to be less than 45 ms, 
which is the target value from the viewpoint of customer 
satisfaction in speech communication. The validity of 
this value will also be carefully examined, taking into 
account the performance requirement for high-speed 
computer networks. 


Transfer protocol such as a retransmission procedure is 
necessary for data communication. This can conceal 
impairments in the data information caused by cell loss 
from users, although the communication time increases 
slightly. On the other hand, for real-time speech and 


visual communications, appropriate values of the cell ° 


loss requirements should be specified so as to be imper- 
ceptible to customers. We are studying performance 
design methodology for an ATM network to meet these 
requirements. 


3. Performance Monitoring Technique To Manage 
Quality of Service 


In-service performance monitoring is implemented in 
various types of equipment in an ATM network. Once 
this function detects cell loss due to a failure in the 


= 


system, the failed equipment is switched over to a spare 
one and the performance of the system is recovered. This 
performance monitoring function allows precise perfor- 
mance management of an ATM network to be achieved, 
so the network performance will be superior to the 
existing network. 


A performance sensor, data processing algorithm, and 
database should be developed for the monitoring func- 
tion. For the most essential technique, we have proposed 
a performance monitoring mechanism using a perfor- 
mance monitoring cell (MC) that quickly and precisely 
detects performance degradation.’ 


MCs are inserted into user information cells at the 
transmitting end-point of the ATM network, and passed 
through the network along with the user cells. The MCs 
are extracted from the user cells at the receiving end- 
point. The MCs are processed to deduce the end-to-end 
performance degradation of the user cells, and to com- 
pare the degradation with a threshold value. Also, the 
MCs are copied at intermediate points of the network to 
detect performance degradation that may occur from the 
transmitting end-point to the intermediate point. If any 
degradation is detected, the impaired part of the network 
is identified and switched over. The performance mon- 
itoring mechanism is shown in Fig. 3. 


This monitoring technique allows us to verify the end- 
to-end performance of every information transfer 
without interrupting service. Furthermore, information 
about the quality of service can quickly be provided 
when customers request it. 
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Figure 3. Performance Monitoring Mechanism (for inserting OA&M cells in NT2) 





Concluding Remarks 


This article has presented the concept and methodologies 
of performance design and monitoring to provide high- 
quality B-ISDN services. We will further study perfor- 
mance design methodology of a high-speed computer 
network, and a performance management system that will 
be integrated with an ATM network operation system. 
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[Article by Masaaki Kawase and Koushi Ishihara, both 
executive manager, Optical Transmission Cable Systems 
Laboratory, Telecommunication Field Systems R&D 
Center, NTT: “Next-Generation Optical Fiber Cable 
Technology—Towards Fully Optical Transmission and 
Innovation of Transmission Line OpS”] 


{[FBIS Transcribed Text] Toward the realization of 
advanced information society, the NTT Telecommunica- 
tion Field Systems R&D Center is pushing research and 
development efforts toward the innovation of transmission 


lines. This feature article will outline optical fiber cable 
technology and its operation, the key to the next-generation 
optical communication lines. 


1. Fiber Optics That Revolutionized Communication 
Networks 


In about 10 years since 1981 when optical fibers were first 
introduced into NTT’s communications networks, optical 
fibers have formed the main arteries of the trunk networks, 
providing the major support for the existing communica- 
tions systems. The characteristics of optical fibers include 
“low loss,” “small diameter,” “light weight” and others. 
When | MHz signals are used, for example, loss with an 
optical fiber is less than one-tenth the level with a standard 
coaxial cable, which is the lowest-loss metallic cable, and 
less than one-hundredth the level with a paired cable. The 
difference is much larger if the speed of signals increases. 
To provide broadband services to the home in the near 
future, it is essential to use optical-fiber subscriber lines. 
Research is now under way for the realization of FTTH 
(Fiber To The Home). As discussed above, optical fibers 
are already in commercial use as superior transmission 
lines. Still, efforts are being done to open new horizons for 
fiber optics. One of these efforts is to realize fully-optical 
transmission. This will hinge on developing low-loss, very 
high-density optical fibers and high-function optical fiber 
amplifiers. Another is to develop testing/software and Al 
robotics technologies that will provide sophisticated 
optical fiber line operations and eventually realize fully 
automated line operation systems. The following pages will 
outline these technologies and have a look at how the 
next-generation optical communication line will be. 


2. Efforts to Realize Full Use of Optical Fibers 


These include research and development efforts to 
enlarge the repeater spacing and increase the capacity of 
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Figure 1. Optical Fiber Loss and Related Technical Problems 





optical fiber networks and to develop a very highly 
dense, easy-to-connect optical fiber network toward the 
realization of FTTH. 


2.1 High-Capacity Optical Fiber With Enlarged 
Repeater Spacing 

Research is being done to push the upper limits of 
repeater spacing and capacity to cope with the increasing 
performance of media (optical fibers) and of transmit- 
ting and receiving terminals, focusing on the loss reduc- 
tion, dispersion compensation to resolve the problem of 
pulse distortion, and the design of an optical cable 
capable of high power input, among others. The research 
also requires looking into the material and internal 
structure of optical fibers. Figure | outlines the loss and 
repeater spacing characteristics of an optical fiber. The 
use of optical fiber amplifiers can enlarge repeater 
spacing. If an optical fiber with a lower loss is developed, 
it would substantially help to expand the use of subma- 
rine non-repeater systems. With existing silica glass- 
based optical fibers, the minimum loss is achieved at a 
wavelength of 1.55 ym. But a minimum loss is observed 
at a longer wavelength with some optical fibers made of 
new materials. Experiment is therefore under way with 
basic transmission system configurations in the 2 um 
band. 


2.2 Optical Soliton Communications 


Ordinary waves are distorted in the course of propaga- 
tion. Research of solitons started more than 100 years 
ago when a wave maintaining its pattern was observed in 
a canal. The optical soliton propagates stably over long 
distances without distortion by balancing the group 
velocity dispersion (GVD) of a fiber with its nonlinear- 
ity, so called self phase modulation (SPM). It is attractive 
because it can make it possible to construct a dispersion- 
free high speed communication system. 


The development of an optical fiber amplifier has paved 
the way toward the realization of optical soliton commu- 
nications, which is called the dynamic soliton transmis- 
sion method. Active research is being done worldwide. 


In an experiment of turning an optical soliton pulse in a 
loop of 500 km showed that the wave pattern was 
maintained for more than 10 minutes. The conventional 
method of long-distance transmission uses repeaters 
placed in regular intervals. It requires converting optical 
signals to electric signals, restoring their original signals 
of wave size, pulse pattern and pulse timing, and then 
converting them into optical signals again for transmis- 
sion through an optical fiber. By contrast, optical soliton 
transmission will require only optical components such 
as optical fiber amplifiers and filters to realize long- 
distance communications without involving electric 
signal conversion. This fully optical transmission will 
not only simplify the system configuration required but 
also permit making highly expandable transmission lines 
that are independent of the bit rate to be transmitted (bit 
rate free). To put optical soliton communications in 
commercial use still requires developing a modular 
soliton light source and reviewing the dispersion charac- 
teristics of the optical fiber to ensure a satisfactory level 
of balancing. Optical soliton technology is expected to 
realize very high-speed communications of the order of 
10 Gb/s in the future. 


2.3 Very High-Density Optical Fiber Cable and Its 
Jointing 


Existing optical fiber cables have up to 1,000 core fibers. 
It is feared that the already tight underground commu- 
nications facilities will get still tighter with the expected 
transition from metallic paired cables to optical fiber 
cables and installation of optical subscriber systems. To 
cope with this problem, we are involved in efforts to 
develop a very high-density optical fiber cable and its 
jointing technology. 


Figure 2 shows the relationship between the number of 
fibers and fiber density of conventional cables. We plan 
to increase the fiber density by five times by reviewing 
the current coated fiber diameter, ribbon fibers and 
cable structure. If this is realized, a 1,000 core cable will 
be half the current one in diameter and a cable having 
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the diameter of the current 1,000-core cable can house 
more than 4,000 core fibers. 
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Figure 2. Relationship Between the Number of Fibers 
and Fiber Density 














It is expected that an optical fiber jointing method will 
be simplified by using connectors in the future. To this 
end, we are discussing connector structures capable of 
jointing more than 100 core fibers. Generally, the more 
the number of core fibers for multifiber connection, the 
more the connection loss increased. We are making 
efforts to develop a connector that can joint 100 core 
fibers with a connection loss of less than half that of the 
existing eight-fiber connector. 


3. Fully Automated Operation Systems (OPS) 


Now, we would like to outline our testing/surveillance 
technology, software technology and AI robotics tech- 
nology currently under development for the innovation 
of the construction, maintenance and management of 
optical fiber communication lines. 


3.1 Optical Line Testing/Surveillance System 


To maintain the functionality of high-quality optical 
fiber lines, we are making efforts to develop testing tools 
and surveillance systems capable of detecting any 
abnormal condition and thereby preventing trouble. 
Since the optical fiber is made of glass, it can be broken 
if an abnormal external force is applied. Sharp bending 
involves an increased level of loss. To know such phe- 
nomena before they affect the quality of transmission, 
efforts are being made to develop an OTDR utilizing 
back scattered light and a strain measurement instru- 
ment utilizing non-linear optical phenomena of the 
optical fibers. The OTDR has already been put in 
commercial use. We are doing work to improve its 
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performance by means of an optical fiber amplifier. The 
strain measurement instrument is still in the prototype 
stage. Recently, it was used to measure optical lines 
damaged by an earthquake and proved its effectiveness. 
There has been developed so far no other technology 
similar to this one capable of measuring the strain of 
optical fibers installed in the field. It will be the key 
technology for the next-generation optical line testing/ 
surveillance system. Other R&D efforts include the 
development of a signal processing technology that can 
perform these tests efficiently in a short period of time, 
and a fully automated optical line testing/management 
system that can be run cooperatively with the functions 
of fiber information management and troubleshooting 
switching, etc. 


3.2 Object-Oriented Line OpS 


To manage and operate optical line-based sophisticated 
facilities properly and efficiently will involve the inevi- 
table expansion of operation systems. Conventional sys- 
tems require a vast amount of resources to develop. It is 
also very difficult to make system configurations flexible 
enough to meet the requirements of individual users. To 
resolve these problems, we are developing an object- 
oriented OpS that can realize the necessary functions by 
combining modularized software components. We have 
made a functional hierarchy of these software module 
combinations to permit dividing the work of making 
software. Also, we have developed a tool to present their 
combinations visually by means of images without the 
need for using the keyboard. This concept, called inte- 
grated object orientation, is expected to allow software to 
be developed by system users as well. Figure 3 shows 
integrated object-oriented architecture. 


3.3 Al Robotics 


Automation by using robotics technologies is positively 
under way in various areas. High hopes are placed on the 
realization of automatic construction of telecommunica- 
tion field facilities. Figure 4 gives the major basic tech- 
nologies for the realization of an automatic system for an 
outside plant, where three major items correspond to the 
human eye, hand and brain, respectively. It is necessary 
for the realization of the automatic system to advance 
these basic technologies. A superman-like robot cannot 
be made unless all these basic technologies are extremely 
advanced. However, partial automation of field func- 
tions can be made by selecting and applying appropriate 
technologies. In Figure 4, the arrows point to the chal- 
lenges the feasibility of which we are discussing as the 
output of existing automation technologies. Already, A: 
technology is incorporated in a direction control system 
for non-digging tunnel technology dubbed ACEMOLE. 
We plan to develop more sophisticated, integrated robot 
systems that can work in cooperation with humans in the 
field in the future. 
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Figure 4. Major Subject of Automated System 
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4. Toward the Innovation of Field Systems 


As discussed above, we are pushing research on basic 
technologies toward the realization of full optical 
communications systems using optical fibers and 
fully automated systems. This is summarized in 
Fig. 5. 
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The field systems are an integration of a wide variety 
of technology and applications encompassing every- 
thing from underground facilities to the leading in of 
subscriber lines. The basic technologies now under 
development are expected to produce results that will 
innovate the field systems and thereby make it pos- 
sible to build the next-generation of the information 
society. 
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Figure 5. Trends of Optical Fiber Cable Technology 
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